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Abstract

Substance addiction is one of the most important contemporary medical
and social challenges and various pharmacological and psychotherapeutic
interventions are currently employed to treat substance addicted individ-
uals. None of them, however, seem to consider reinstating dopaminergic
activity in the brain as an important therapeutic target that can prevent
relapse and facilitate abstinence. During the last decades, researchers have
underscored the necessity to efficiently address this therapeutic goal to
enhance therapeutic outcomes. At the same time, a continuously growing
amount of evidence seems to indicate that music listening may be a safe
non-invasive complementary treatment modality that can enhance the
related therapeutic processes by regulating dopamine release in the meso-
limbic system and potentially acting as an indirect dopamine agonist. This



100 | HANDBOOK OF BEST PRACTICES: MUSIC IN CREATIVE DETOXIFICATION AND REHABILITATION

review aims to discuss recent research findings about the potential role of
music in reinstating brain dopaminergic activity in substance-addicted
individuals. The involvement of the mesolimbic dopaminergic pathway
in substance addiction will be discussed along with the research findings
that showcase the potential capacity of music listening to rehabilitate do-
paminergic activity in the brain. Overall, the existing evidence on the po-
tential benefits of music appears to be promising but further experimental
research is required to allow the development of interdisciplinary music-
assisted therapeutic interventions for reinstating brain dopaminergic ac-
tivity in substance-addicted individuals.

Keywords: music, substance addiction, dopamine, brain, mesolimbic.

1. Introduction

Substance addiction is considered as one of the most devastating medical
and social problems of the last decades. According to previous estimates
(UNODGC, 2012; WHO, 2014), approximately 3.5 million deaths in 2012
alone were attributed to the harmful use of licit and illicit substances,
while substance addiction was implicated in more than 200 disease and
injury conditions, as well as in reduced job productivity and increased
domestic violence. As a result, substance addiction is now considered as
a significant risk factor for social and economic development and pre-
vention policies are continuously being developed at a regional, national
and international level to reduce the harmful use of and addiction to sub-
stances.

One of the main side-effects of substance addiction is the dysregulated
dopaminergic activity in the mesolimbic circuit of the brain (Blum et al,,
2008). Current therapeutic practices seem to neglect the importance of
this brain function for the proper treatment of substance addiction and
for preventing relapse. This has led researchers to underscore the neces-
sity for novel treatment modalities that will address this therapeutic goal
during the stages of substance detoxification and rehabilitation, in order
to enhance the therapeutic outcomes and sustain abstinence (Blum &
Gold, 2011). Of note, a growing amount of evidence has demonstrated
that music listening may be a promising non-invasive technique capable
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of assisting the respective therapeutic processes (Blood & Zatorre, 2001;
Menon & Levitin, 2005). It is, therefore, the aim of this review to provide
an overview of the significance of reinstating dopaminergic activity dur-
ing substance addiction treatment and to critically outline the literature
on the potential therapeutic usefulness of music listening as an assisting
agent in the process. In light of the existing evidence, it is the authors’
hope that this review will contribute to the understanding of the mecha-
nisms by which music can induce a therapeutic effect on the functions of
the related brain circuits, and pave the way for future research that will
allow the development of interdisciplinary music-assisted therapeutic in-
terventions as complementary treatment modalities for reinstating brain
dopaminergic activity during substance addiction treatment.

2. The implication of dopamine in impulsive
and compulsive behaviour

Most definitions refer to substance addiction as a phenomenon mainly
characterized by compulsive use and the loss of control over substance
consumption despite the negative consequences (WHO, 1990). Produc-
ing a widely-accepted definition of substance addiction, however, has
proven to be a highly complicated issue that seems to have raised great
debate on the subject, as evident by the numerous theoretical models that
have attempted to explain it and by the confusing interchangeable use of
the terms addiction and dependence (Edwards, 2012). According to Ro-
man law, addiction was defined as the “formal giving over by sentence
of court; hence, a dedication of person to a master” (The Oxford English
Dictionary, 2010), pp. 24-25). This definition is conceptually very close to
the essence of substance addiction as the central idea is the substance-ad-
dicted individuals’ relinquishment of control during which the substance
becomes the “master” of their behavior while they slowly but steadily dis-
miss their will power until total submission and loss of control over all
aspects of their lives occur. Accordingly, this loss of control - along with
the related compulsive use - are currently considered by professionals as
the most dominant features of substance addiction (WHO, 1990). Indeed,
neurobiological research suggests that addiction represents the transition
from impulsive behaviour that is driven by reward-seeking, to compulsive
behaviour and substance abuse and addiction. While impulsivity is char-
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acterized by a low capacity to control the urge for rewards that influences
decision-making during early stages of substance use (Dalley, Everitt, &
Robbins, 2011; Verdejo-Garcia, Lawrence, & Clark, 2008), compulsivity is
ruled by the lack of control over behaviour and the incapacity to undo re-
sponse patterns that are no longer associated with reward when addiction
develops (Koob & Volkow, 2010). Animal studies have revealed that im-
pulsivity is linked with decreased availability of dopamine receptor D2 in
the mesolimbic system of the brain, which, in turn, predicts higher rates
of substance use and accelerates the transition to substance addiction,
thus emphasizing the importance of genetic makeup in the early stages of
substance addiction (Fernandez-Serrano, Perales, Moreno-Lopez, Perez-
Garcia, & Verdejo-Garcia, 2012). The notion that dysregulated respon-
siveness to rewards and the desire for more intense stimulation promote
substance-seeking behaviours and addiction (Ersche, Turton, Pradhan,
Bullmore, & Robbins, 2010; Goldstein & Volkow, 2002) has also been ver-
ified by human studies which showed that substance users who have not
yet become addicted present high scores on trait measures of impulsivity
and low inhibitory control, which are indicative of modifications in the
functions of the striatal system in the brain (Colzato, van den Wildenberg,
& Hommel, 2007; Leland, Arce, Feinstein, & Paulus, 2006). In line with
this view, dopaminergic activity seems to play an important role in devel-
oping habits that lead to compulsive use of substances. More precisely, low
levels of D2 dopamine receptor availability in the striatum appear to be
associated with deregulation of frontal brain regions linked with inhibi-
tory control and compulsive behaviours which results in loss of control
and compulsive substance use at the stage of addiction (Vanderschuren
& Everitt, 2005). This process seems to be mediated by high dopamine
secretion in response to situations or stimuli related with substance use
which leads to repeated actions and learned behaviours of using the sub-
stance and eventually results in automatic behavioural responses in the
presence of the related stimuli (Volkow et al., 2007).

3. The genetic component of substance addiction

The abuse of and addiction to most addictive substances (True, Xian,
et al., 1999; Tsuang et al., 1998) has also been reported to be influenced
by genetic components (Kendler, Karkowski, Corey, Prescott, & Neale,
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1999; Kendler & Prescott, 1998; Kendler, Prescott, Neale, & Pedersen,
1997; Pickens et al., 1991; True, Heath, et al., 1999; True, Xian, et al., 1999;
Tsuang et al., 1996; Uhl, 1999; Uhl, Liu, & Naiman, 2002), such as gene
allelic variations and heritable phenotypes (Luo et al., 2004), that pro-
mote addiction by contributing to the development of specific personality
traits via the interplay with environmental context. In this regard, genes
associated with the dopamine system in the brain (Volkow, Fowler, Wang,
Swanson, & Telang, 2007) seem to play an important role in the process as
they have been found to significantly affect impulsivity and compulsivity
and influence substance-seeking behaviours (Kendler, Jacobson, Prescott,
& Neale, 2003; Tsuang, Bar, Harley, & Lyons, 2001). Furthermore, individ-
ual environmental experiences appear to significantly affect the influence
of genetic predisposition on addiction which seems to largely depend on
the gene-environment interaction (Kendler et al., 2003). Heritable influ-
ences may favour exposure to environments that carry high risk for sub-
stance use (Scarr & McCartney, 1983), whereas their expression may be
affected by exposure to unsupervised or non-stable environments (Dick
et al., 2009; Dick, Rose, Viken, Kaprio, & Koskenvuo, 2001). For instance,
studies have shown that one of monozygotic twins that has experienced
physical or emotional abuse carries a significantly higher risk to become
addicted compared to the twin that has identical genetic profile but has
not suffered abuse (Nelson et al., 2006). Additionally, epigenetic altera-
tions are considered to play a major role in the biological aspect of ad-
diction. These gene expression modifications mainly take place in the
dopaminergic pathway of the brain that is associated with reward, and
are mediated by epigenetic mechanisms, such as histone acetylation and
methylation changes (Maze & Nestler, 2011; Renthal & Nestler, 2008). In
line with the above notion, a recent view has proposed that future sub-
stance use of children may be possible to predict and potentially prevent
by assessing hypo-dopaminergic gene expression along with personal-
ity and environmental risk factors, highlighting the key role of a healthy
dopaminergic system as a preventative action against substance addic-
tion (Conner, Hellemann, Ritchie, & Noble, 2010). This notion is fur-
ther supported by a genetic study which demonstrated that the Al allele
for the gene coding of dopamine (DA) receptor D2 (DRD2) which can
be a genetic determinant for hypo-dopaminergic brain function shares
a strong link with alcoholism and introduced the first “reward gene” in
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the mesolimbic system. Therefore, carriers of this allele are more likely to
become addicted to alcohol and potentially to other substances of abuse
since common neurobiological facets are shared by different forms of ad-
diction (Blum et al., 1990). It is, therefore, important to gain an in-depth
understanding of the dopaminergic circuit functions as this can lead to
more advanced and controlled approaches on how to prevent and treat
addiction to substances. Such an understanding may allow life-style rec-
ommendations to individuals at risk of addiction and enable interven-
tions tailored to individual genetic profiles.

4. The involvement of dopamine in
substance-related expectancies

Substance-related expectancies have been shown to be highly implicat-
ed in the development of addiction to substances (Christiansen, Smith,
Roehling, & Goldman, 1989) as they can become automatic - often un-
conscious - processes that are responsible for the loss of control and the
experience of craving (West, 2005). It has been argued that expectancies
are associated with memory structures which control behaviour and may
be consciously or unconsciously biased (Field, Mogg, & Bradley, 2004;
Franken, Stam, Hendriks, & van den Brink, 2003). The actual loss of con-
trol over behaviour is assumed to be mediated by the pre-conscious and
pre-attentive processing of the information associated with substance-re-
lated cues, which prioritize the stimuli and induce a distinct psychophysi-
ological effect that dominates substance-addicted individuals’ awareness,
cognitive functions and action tendencies (Ryan, 2002). Of note, expec-
tancies and actions have been found to mutually affect each other (Smith,
Goldman, Greenbaum, & Christiansen, 1995), which means that when a
substance-addicted individual uses the substance and experiences the ex-
pected or desired effect, his expectancies, attentional bias and automatic
triggering effect are further enhanced and favour the repetition of the ac-
tion.

The significance of expectancies has been investigated and verified by
research studies which showed that heavy substance use is associated with
high levels of positive expectancies and low levels of negative expectancies
(Christiansen & Goldman, 1983; Reich, Goldman, & Noll, 2004). Cogni-
tive theorists (Tiffany, 1990) posit that the actual action of substance con-
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sumption eventually becomes an automated behavioural response to cues
conditioned with substance use, which can induce intense and stressful
craving when an addicted individual tries to stop using the substances.
Craving responses to substance-related cues are significant risk factors as
they favour maintaining substance use during addiction and substance-
seeking behaviour during abstinence (Everitt, Dickinson, & Robbins,
2001; van de Laar, Licht, Franken, & Hendriks, 2004). The importance
of these responses and of the related cues have been verified by various
animal studies (Shaham & Miczek, 2003; Shaham, Shalev, Lu, De Wit, &
Stewart, 2003) which showed that conditioned responses persist (Weiss et
al.,2001) and often increase in strength (Grimm, Hope, Wise, & Shaham,
2001) even after long periods of abstinence, and that substance-related
cues are capable of reinstating negated substance-seeking behaviours
(Ciccocioppo, Lin, Martin-Fardon, & Weiss, 2003; Ciccocioppo, Martin-
Fardon, & Weiss, 2002; Gracy, Dankiewicz, Weiss, & Koob, 2000). The
capacity of environmental stimuli to maintain and reinstate substance-
seeking behaviour can be explained by a Pavlovian-based view (LeBlanc,
Ostlund, & Maidment, 2012; Ostlund & Balleine, 2008) which argues that
substance-induced alterations in the mesolimbic dopaminergic neuro-
transmission (Saunders, Yager, & Robinson, 2013) increase cue-induced
incentive motivation (Ostlund & Maidment, 2012; Wassum, Ostlund,
Loewinger, & Maidment, 2013). Interestingly, studies have shown that al-
though substance-addicted individuals exhibit significant DA increases
in the mesolimbic system in response to substances, these increases are
distinctly blunted compared with controls and considerably lower than
the ones induced by substance-associated cues (Volkow, Wang, Fowler,
Tomasi, & Telang, 2011). This highlights the contribution of mesolimbic
dopaminergic activity in expectations related to the effect of the substanc-
es which facilitate maintaining substance use in order to experience the
desired effect, and underscore the necessity to include mesolimbic do-
paminergic functions as a therapeutic target during substance addiction
treatment.
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5. The significance of stress as a relapse risk
factor and the role of dopamine

Scientific evidence coming from neurobiological studies have highlighted
that stress and substance addiction may share common neurobiological
facets, and have partly attributed the inability to cope with stress to dys-
regulated dopaminergic activity (Volkow & Morales, 2015). Consistent
with these findings, a wide range of studies have revealed that substance-
addicted individuals suffer from both abnormal DA activity (Everitt &
Wolf, 2002; Jentsch & Taylor, 1999) and low D2 receptor density (Volkow
et al,, 2001; Volkow, Wang, Fowler, et al., 1997; Volkow et al., 1996; Wang
etal., 2004) in the mesolimbic circuits, which are implicated in the experi-
ence of craving (Aujla, Martin-Fardon, & Weiss, 2008; Lu, Uejima, Gray,
Bossert, & Shaham, 2007; Sinha, 2008; Weiss, 2005; Zhao et al., 2006).
These findings indicate that stress and craving in substance-addicted in-
dividuals may share common neurological ground in the brain, which
may consequently play an important role in reinstating substance-seeking
behaviours and breaking abstinence. Thus, it does not come as a surprise
that stress has been identified as a significant relapse risk factor in both
human (Kreek & Koob, 1998; Sinha, 2001; Sinha, Garcia, Paliwal, Kreek,
& Rounsaville, 2006) and animal studies (Goeders & Guerin, 1994; Mol-
lenauer, Bryson, Robison, Sardo, & Coleman, 1993; Ramsey & Van Ree,
1993) which showed that stress is consistently capable of reinstating sub-
stance-seeking behaviour during abstinence (Le & Shaham, 2002; Sarnyai,
Shaham, & Heinrichs, 2001; Shalev, Grimm, & Shaham, 2002). Impor-
tantly, stress has been associated with craving and relapse (Sinha, Catapa-
no, & O’Malley, 1999; Sinha et al., 2009; Sinha & Li, 2007; Tiffany, 1999) as
research findings have revealed that exposure to and experience of stress
can evoke intense and long-lasting negative emotion-related cravings
(Sinha et al., 2009), potentially due to the perception of substance con-
sumption as the most effective means to alleviate the implicated negative
affect (Lazarus & Folkman, 1987; Stathopoulou, 2010). This, in turn, can
lead to repeated substance use when experiencing negative emotions or
stress and result in automated substance-seeking behaviours in response
to stimuli of negative affect which subsequently become cues conditioned
with substance use.
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6. Mesolimbic dopaminergic neurotransmission and its
importance as a therapeutic target

A wide range of studies during the recent decades have provided important
evidence on the neurobiological facets of substance addiction. Of impor-
tance, it has been demonstrated that hypo-functional dopamine neuro-
transmission in the mesolimbic pathway of the brain is highly implicated
in substance addiction and that slow reinstatement of dopaminergic ac-
tivity in the aforementioned brain circuit may be necessary for an effective
treatment (Gardner, 1999). The dopaminergic pathway is highly involved
in feelings of reward, pleasure and euphoria (Melis, Spiga, & Diana, 2005)
as well as in pathological behaviours, such as substance addiction. The
brain structures involved in its activation are the action sites of most ad-
dictive substances, highlighting the complexity and subtlety of this brain
section, especially as a therapeutic target (Diana, 2011; Kelly & Berridge,
2002; Stimmel & Kreek, 2000; Volkow, Fowler, Wang, & Goldstein, 2002;
Volkow, Wang, Fischman, et al., 1997). The mesolimbic dopaminergic
pathway in the brain begins in the Ventral Tegmental Area (VTA) of the
midbrain and it is linked by the amygdala, the Nucleus Accumbens (NAc)
(Polston, Rubbinaccio, Morra, Sell, & Glick, 2011), the medial prefrontal
cortex, and the hippocampus to another set of brain structures known as
the limbic system (Schott et al., 2008). The neurotransmitter dopamine is
carried via this pathway from one area of the brain to another via signal-
transmitting neurons in order to fulfil its biological roles, among which is
the control of the brain’s pleasure and reward centres; due to this function
it has come to be known as the “anti-stress molecule” and/or the “pleasure
molecule” (Blood & Zatorre, 2001; Blum et al., 2010). More specifically,
in healthy states, dopamine is released by a neuron into the synapse - a
structure that permits a neuron to pass a chemical signal to another neu-
ron - where it moves from the pre-synaptic part, into the synaptic cleft
(gap between the pre-and post-synaptic neuron) to finally find its target,
which are specialised proteins localised at the cell surface of post-synaptic
neighbouring nerve cells. These specialised proteins, the dopamine re-
ceptors, are activated in response to dopamine binding/docking on them
which in turn trigger intracellular signalling in response to this commu-
nication. The dopamine is then released from the receptor and along with
excess dopamine molecules, that did not bind to an available receptor, it is
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pumped back into the presynaptic neuron via the action of a molecule, the
dopamine transporter, which is terminating in this way the signal of the
neurotransmission and participates in the re-accumulation of dopamine
back into the presynaptic cell for future re-use. This well-orchestrated pro-
cess is disrupted by substances of abuse such as methamphetamines and
cocaine that attach to dopamine transporters, thereby blocking dopamine
from being taken up back by the presynaptic neuron. Thus, dopamine
continues to stimulate the receptors for a longer period resulting in an
amplified signal intracellularly producing intense and abnormal euphoria
in the user.

The action of dopamine in the brain provides feelings not only of en-
joyment but also of reinforcement to motivate a person to perform and
repeat certain activities. This notion is present in most theories of addic-
tion as well as in theories of conditioned reinforcement and reward pre-
diction (Blum et al., 2010). In practice, research has shown that elevated
levels of DA neurotransmission in the VTA and NAc play a major role in
the reinforcing effects of substances of addiction (Robinson & Berridge,
2003). The NAc has shown to be highly involved in the experience of the
euphoria induced by psychostimulants like cocaine (Volkow, Wang, Fis-
chman, et al., 1997) and is notably considered to play a major role in the
rehabilitation of the dopaminergic system after chronic substance abuse as
reactivation of the dopaminergic activity in the brain inevitably involves
DA release in the NAc (Blum & Gold, 2011). On the other hand, low DA
levels or decreased number of DA receptors is linked with states of an-
hedonia (inability to experience pleasure), substance-seeking behaviours,
relapse, withdrawal symptoms and inability to cope with stress (Koob &
Le Moal, 2008; Melis et al., 2005; Noble, Blum, Ritchie, Montgomery, &
Sheridan, 1991; Pohjalainen et al., 1998; Wise, 2008).

The above evidence signifies the importance of a balanced dopaminer-
gic activity as a key factor to combat substance addiction. Medical profes-
sionals do not seem to agree, however, on how to deal with the issue of
deregulated dopaminergic activity during substance addiction treatment.
The majority of pharmacological treatments support the administration
of opioid receptor agonists and antagonists that block the dopamine re-
lease and the subsequent activation of DA receptors (Bowirrat & Oscar-
Berman, 2005; Green, Zimmet, Strous, & Schildkraut, 1999; Koob & Le
Moal, 2008; Malhotra, Lencz, Correll, & Kane, 2007). Though the former
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powerful treatments may have the capacity to decrease the intensity of
withdrawal symptoms, they have proved to be inefficient (Koob, Kenneth
Lloyd, & Mason, 2009; Leggio et al., 2010; Swift, 2010), present high risk
for continued addiction (Dennis et al., 2014) and evoke considerable side-
effects (Mizrahi, Houle, Vitcu, Ng, & Wilson, 2010). It becomes evident
that both agonist and antagonist treatments do not prioritize reinstating
the dopaminergic activity of the brain, neglecting the significance of the
regulation of the dopaminergic system during rehabilitation from sub-
stance addiction. Of note, deregulated dopaminergic activity exceeds the
withdrawal period (Diana et al., 2003; Diana, Pistis, Muntoni, & Gessa,
1996) and poses a great risk factor for relapse (Blum et al., 2009; Diana,
Melis, Muntoni, & Gessa, 1998), as reduced DA levels are positively corre-
lated with craving (Lingford-Hughes & Nutt, 2003) and self-drug admin-
istration (Blood & Zatorre, 2001; Blum et al., 2008). Furthermore, long
periods of low or inhibited dopaminergic activity can result in abnormal
mood, depression, anxiety and even suicidal ideation (Blum et al., 2011;
Blum & Gold, 2011). On the other hand, controlled moderate DA secre-
tion during the detoxification period may be useful for the alleviation of
withdrawal symptoms as not only can it induce feelings of euphoria and
pleasure but it can also supress aversive stimuli and emotions (Diana,
2011; Taylor, Joshi, & Uppal, 2003). For these reasons, a growing number
of scholars and researchers support the notion that dopaminergic activity
in the brain should be slowly but steadily rehabilitated by the use of mild
non-pharmacological DA agonists for the proper treatment of substance
addiction (Blum et al., 2008; Blum et al., 2011; Blum et al., 2009; Blum et
al., 1996; Melis et al., 2005; Rothman, Blough, & Baumann, 2007).

7. The mesolimbic dopaminergic pathway
as an emotion-addiction interface

The use of substances is mainly attributed to the emotional effect they
elicit (Panksepp, Knutson, & Burgdorf, 2002) which is mediated by dopa-
minergic neurotransmission in the brain (Everitt & Robbins, 2005; Rob-
inson & Berridge, 2001). As discussed earlier, dopamine is highly associ-
ated with the reinforcing effects of substances of abuse (Volkow, Fowler,
& Wang, 2004) that are largely responsible for substance use - even when
substances cease producing hedonic effects (Berridge & Robinson, 1995;
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Robinson & Berridge, 1993, 2003) - and pose a significant risk for relapse
(Heinz et al., 2004; Wang et al., 1999). During abstinence, increased DA
release in the mesolimbic pathway of the brain in anticipation to the re-
warding effects of the substance (Everitt & Wolf, 2002; Jentsch & Taylor,
1999) and decreased DA secretion in response to substance use and natu-
ral reinforcers (Aguilar de Arcos, Verdejo-Garcia, Peralta-Ramirez, San-
chez-Barrera, & Perez-Garcia, 2005; Garavan et al., 2000; Martin-Soelch
et al., 2001) seem to facilitate substance-seeking behaviours in search of
pleasure and rewarding effects (Heinz et al., 2004). Indeed, integral parts
of the mesolimbic system, such as the VTA and NAc, become sensitized
to the effects elicited by substances of abuse and have been found to be
highly implicated in the experience of craving in the presence of stimuli
associated with substance use (Lee et al., 2013), as well as in tolerance to
substances during the stage of addiction (Berridge, Robinson, & Aldridge,
2009). In reality, the intense feelings of euphoria and pleasure induced by
the substances before addiction develops, account for the motivational
bias towards repeating the action and later lead to the associative learn-
ing that pairs specific endogenous or exogenous cues with substance use.
During the later stages of addiction, the neural substrates of VTA and NAc
become sensitized in regards to “wanting” (craving) the substance but not
to “liking” it (Berridge & Robinson, 1995; Berridge et al., 2009; Volkow
& Morales, 2015), which translates into higher release of dopamine in
anticipation to the effect of the substance but lower dopamine secretion
in response to the substance itself. Consequently, the reduced effect of
the substance leads to intense craving, higher doses of the substance and
compulsive use, in anticipation of the rewarding eftects that will fill or
soothe the emotional gap of substance-addicted individuals. Consistent
with this view, reduced density of D2 receptors has been found in the
striatum of individuals chronically addicted to cocaine, heroin, metham-
phetamine and alcohol (Volkow et al., 2001; Volkow, Wang, Fowler, et
al., 1997; Volkow et al., 1996; Wang et al., 2004), which contributes to
biased decision-making that favours substance use. Importantly, low D2
receptor density in the mesolimbic system endures for long periods, even
after cessation of substance use (Wang et al., 2004). The latter may be of
great significance for relapse prevention as it may affect decision-making
during critical parts of therapy. Research findings have further verified
that decision-making is affected by neural mechanisms involved in emo-
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tion (Bechara, 2004; Bechara, Damasio, & Damasio, 2001; Damasio, 1994;
Verdejo-Garcia, Perez-Garcia, & Bechara, 2006) via memory mechanisms
that are highly influenced by emotional states and favour the use of sub-
stances (Verdejo-Garcia et al., 2006). These findings may partly explain
why poor emotional experience and decision-making are common char-
acteristics of substance-addicted individuals (Bechara, 2003, 2004).

8. The effects of music listening on
emotion-related brain circuits

Apart from engaging the auditory cortices that are involved in the pro-
cessing of elementary sound features, such as pitch values and durations
(Zatorre & Salimpoor, 2013), pleasant music has been found to induce
emotional responses through activation of brain regions implicated in
reward, reinforcement, motivation, emotion, approach, withdrawal,
arousal, movement, attention, and appraisal (Blood & Zatorre, 2001;
Blood, Zatorre, Bermudez & Evans, 1999; Brown, Martinez, & Parsons,
2004; Elliott, Newman, Longe, & William Deakin, 2004; Koelsch, Fritz,
V. Cramon, Muller, & Friederici, 2006; Menon & Levitin, 2005; Roitman,
Wheeler, & Carelli, 2005; Schultz, 2000; Small, Zatorre, Dagher, Evans,
& Jones-Gotman, 2001; Tobler, Dickinson, & Schultz, 2003). The main
cerebral structures involved in the emotional processing of music with
positive emotional valence include circuits of the limbic and paralimbic
structures, such as the ventral striatum, amygdala, hippocampus, and in-
sula. The ventral striatum, where dopaminergic neurons project, is highly
implicated in reward generation, attention, and motivation (Blood & Za-
torre, 2001; Brown et al., 2004; Koelsch et al., 2006; Menon & Levitin,
2005) and has been associated with many forms of positive emotional
states (Aharon et al., 2001; Blood & Zatorre, 2001; Brown et al., 2004;
Koelsch et al., 2006; Menon & Levitin, 2005; Schultz, 2000). Of note, the
VTA and NAc, which are found in the ventral striatum and are highly
implicated in the reinforcing effects of substances, present strong activa-
tion in response to music (Salimpoor et al., 2011). This activation seems
to be mediated by an interaction with cortical networks involved in per-
ceptual analysis and valuation (Salimpoor et al., 2013). The NAc is func-
tionally connected with auditory and frontal areas and their interaction,
that results in dopamine release in the NAc, has been positively correlated
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with musical reward (Zatorre & Salimpoor, 2013). The capacity of mu-
sic to regulate dopamine release (Blood & Zatorre, 2001; Menon & Levi-
tin, 2005; Salimpoor et al., 2011) in the striatal dopaminergic system in a
manner similar to tangible rewards (Salimpoor et al., 2011) may explain
why the music listening experience is so pleasant and leads to feelings of
euphoria. However, the positive emotional effect of pleasant music may
also be assisted by the suppression of aversive stimuli (Blum et al., 2010)
via amygdala deactivation (Blood & Zatorre, 2001), and by stress reduc-
tion (Bernatzky, Presch, Anderson, & Panksepp, 2011; Cepeda, Carr, Lau,
& Alvarez, 2006) via decreases in cortisol levels (Bartlett, Kaufman, &
Smeltekop, 1993; Gerra et al., 1998; Nilsson, 2009; Nilsson, Unosson, &
Rawal, 2005). The amygdala is a limbic circuit in the brain that has been
found to be associated with negative emotional processing (Phan, Wager,
Taylor, & Liberzon, 2002; Zald, 2003) and exhibits strong activation dur-
ing fearful (Breiter et al., 1996; Morris et al., 1996; Whalen et al., 1998)
and sad (Blair, Morris, Frith, Perrett, & Dolan, 1999; Killgore & Yurge-
lun-Todd, 2004) emotional stimuli. Consequently, amygdala deactivation
would essentially be of a rewarding nature (Taylor et al., 2003) since plea-
sure and pain anchor opposing ends in the spectrum of human emotions
(Becerra, Breiter, Wise, Gonzalez, & Borsook, 2001). This notion is con-
sistent with findings which showed that music listening lowers require-
ments for opiate drugs in postoperative pain (Pecina & Smith, 2010), a
process that may well be facilitated by music-induced endogenous opioid-
peptide and dopamine release within the brain (Panksepp, 1995). Other
studies have verified this hypothesis and showed that chills in response
to music listening are attenuated by the opioid receptor antagonist nal-
oxone, providing evidence of a causal link between musical reward and
the central release of endogenous opioids (Chanda & Levitin, 2013; A.
Goldstein, 1980). Finally, another brain structure that is also activated by
pleasant music (Brown et al., 2004) is the hippocampus, a major compo-
nent of the brain linked with the mesolimbic dopaminergic system and
characterised by vulnerability to emotional stressors, induction of ten-
der, positive emotions, affective state regulation, attentional systems, and
motivation (Koelsch, 2010; Mega, Cummings, Salloway, & Malloy, 1997;
Phillips, Drevets, Rauch, & Lane, 2003). These findings seem to highlight
the capacity of music to regulate the activity of brain circuits related with
reward, emotion and pleasure.
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In regard to musical pleasure itself, studies have shown that it is re-
lated to interactions between cortical loops, that give rise to expectan-
cies related to music, and subcortical systems, that modulate reward and
valuation (Zatorre & Salimpoor, 2013). The cortical system can decode
tonal or rhythmic relationships and produce expectations, while the
emotional arousal related to the expectations is mainly induced by in-
teractions with the striatal dopaminergic system (Zatorre & Salimpoor,
2013). A relationship between reward seeking and music was illustrated
in a positron emission tomography (PET) scanning study during which
listeners were examined on their capacity to release dopamine at different
structures of the dopaminergic system (NAc vs caudate) and led authors
to conclude that musical pleasure exhibits evidence of an appetitive phase
associated with anticipation and a consummatory phase linked with its
hedonic and reinforcing effects (Chanda & Levitin, 2013; Salimpoor et al.,
2011). Interestingly, the same rewarding process that involves patterns of
anatomically and temporally distinct dopaminergic activity in response
to music stimuli was reported in animal studies in response to drugs of
abuse (Chanda & Levitin, 2013; Volkow et al., 2006). More specifically,
in both types of studies, the caudate nucleus, which is highly innervated
by dopamine neurons, was more active in anticipation to peak emotional
responses either to music or drugs of abuse, while the right NAc, which
is also innervated by dopaminergic neurons, exhibited increased activity
during the experience of the peaks (Pereira et al., 2011; Salimpoor et al,,
2011). These studies indicate that listening to pleasant music and sub-
stance use activate the same brain circuits, a finding that could potentially
be therapeutically useful for reinstating mesolimbic dopaminergic activ-
ity during substance addiction treatment.

9. Music listening for reinstating dopaminergic
activity in substance-addicted individuals

As discussed earlier, one of the main negative neurobiological effects of
substance addiction is the dysfunction of the dopaminergic activity in the
brain, which is implicated in feelings of reward, pleasure and euphoria
(Melis et al., 2005) and actively involves brain structures that are the main
actions sites of all addictive substances (Diana, 2011; Stimmel & Kreek,
2000; Volkow et al., 2002; Volkow, Wang, Fischman, et al., 1997). During
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abstinence, dysfunction in the dopaminergic pathway results in consider-
ably blunted responsiveness to natural rewards (Volkow & Morales, 2015)
and consequently to substance-seeking behaviours in search of pleasure.
Interestingly, listening to pleasant music is considered as one of the most
rewarding experiences capable of evoking intense pleasure and has shown
to engage the mesolimbic system circuits involved in reward and emo-
tion that are activated by illicit drugs (Blood & Zatorre, 2001; Blum et al.,
2010; Boso, Politi, Barale, & Enzo, 2006; Menon & Levitin, 2005; Salim-
poor, Benovoy, Larcher, Dagher & Zatorre, 2011) and to potentiate the
related dopaminergic pathway in a manner similar to tangible rewards
(Salimpoor et al., 2011; Salimpoor, Benovoy, Longo, Cooperstock & Za-
torre, 2009; Salimpoor et al.,, 2013). In a study conducted by Menon and
Levitin (2005), functional magnetic resonance imaging (fMRI) showed
that listening to music can modulate the brain mesolimbic activity mainly
in the NAc and the VTA, insula and hypothalamus that are implicated
in the regulation of the autonomic and physiological reactions during an
emotional or rewarding experience. The responses in the NAc and VTA
strongly gave rise to the assumption that DA release and NAc response
to music are highly associated. Indeed, the study clearly demonstrated
that listening to pleasant music resulted in DA release in the VTA and
activated the NAc, the VTA, and the hypothalamus. The release of DA
can, in turn, activate the dopamine receptors and promote intracellular
signalling that can eventually lead to lower levels of stress and height-
ened feelings of well-being among other physiological functions (Blum et
al,, 2010). Another related study which used PET scanning, showed that
the intensity of pleasure induced by music listening was positively cor-
related with the ventral striatum activation, that involves dopaminergic
activity among other neurotransmitters (Blood & Zatorre, 2001). It can
be assumed that positive emotions induced by listening to music may be
responsible for activating the NAc and the subsequent secretion of DA
(Ashby, Isen, & Turken, 1999) and that the rewarding effect of music may
be due to elevated levels of DA in the brain regions of the NAc and the
VTA. Indeed, Sutoo and Akiyama (Sutoo & Akiyama, 2004) experimen-
tally demonstrated that elevated brain dopaminergic activity is induced
by listening to music and concluded that, by regulating dopaminergic
neurotransmission, music may be able to amend the symptoms of condi-
tions associated with DA dysfunction, which is an attractive hypothesis to
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be further investigated.

Opioid transmission in the NAc is also linked with DA secretion in the
VTA (Kelly & Berridge, 2002). It has been shown that the opioid antago-
nist naloxone prevents the endorphinergic responses - which control DA
release - evoked by music listening (Goldstein, 1980). Schott et al. (2008)
demonstrated through fMRI that dopaminergic activity in the brain is
quantitatively related to the experience of reward which is mediated by
DA release in the mesolimbic system. In that sense, intense reward expe-
riences induced by music may lead to prolonged dopaminergic activation
that can be of importance in cases of substance addiction. Furthermore,
the sufficient release of DA and activation of the reward circuitry is also
dependent on the density of the D2 receptors. Studies have shown that
DRD2 A1 allele carriers, who have lower numbers of D2 receptors and
reduced dopamine secretion, present a blunted response to glucose and
monetary rewards (Blum et al., 2010). However, this dysfunction can be
rescued by bromocriptine, a powerful DRD2 agonist which results in the
activation and proliferation of D2 receptors, via DA release (Blum et al.,
2010), and consequently to the reduction of craving (Thanos et al., 2001).
It is noteworthy that in their study, Blum et al. (2010) concluded that mu-
sic listening mimicked the effect of bromocriptine. Thus, it is possible to
assume that listening to music may have a similar - although slower and
less powerful - function to bromocriptine in activating the DA receptors
via elevated DA secretion. In other words, listening to music may be pos-
sible to act as an indirect D2 agonist by stimulating the biochemical pro-
cesses responsible for DA release.

An important factor in this process that can be therapeutically exploit-
ed appears to be familiarity with music, as it seems to play an impor-
tant role in the musical enjoyment by increasing the person’s liking rates,
emotional engagement and the related induction of pleasurable feelings
(Pereira et al.,, 2011). Indeed, it has been shown that dopamine release
can occur in response to familiar, highly pleasant music (Salimpoor et al.,
2011; Salimpoor et al., 2013) and that this process enhances connectiv-
ity between the ventral tegmental area and the NAc, as well as between
the NAc and the hypothalamus, indicating familiar and pleasure-related
responses in the autonomic nervous system in response to music (Blum
et al., 2010; Menon & Levitin, 2005; Sutoo & Akiyama, 2004). Moreover,
broad emotion-related limbic and paralimbic brain regions implicated in
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the reward circuitry are more active during familiar music when com-
pared to unfamiliar music, thus highlighting the role of familiarity in the
emotional engagement to music (Pereira et al., 2011) and its potential
therapeutic contribution in the rehabilitation of mesolimbic dopaminer-
gic activity during substance addiction treatment.

10. Music listening may counteract the conditioned
psychophysiological effects of substance-related cues

Medical professionals and therapists have emphasized the importance of
timely identifying high-risk situations and modifying the implicated be-
havioural responses that favour substance use (Marlatt, 1985, 1990, 1996).
A significant risk factor in this process is the experience of craving as its
importance during the phase of treatment has been repeatedly stressed
(Franken, 2003). Craving is considered as an emotion (Franken, 2003;
Panksepp, 2007) and has been associated with the positive reinforcement
of substances (Marlatt, 1985) as well as with the desire to relieve with-
drawal symptoms (APA, 2013; Baker, Morse, & Sherman, 1987). Impor-
tantly, researchers have highlighted the importance of cues associated
with withdrawal or substance use which can induce intense and stress-
ful craving urges when a substance-addicted individual is presented with
the related stimuli (Poulous, Hinson, & Siegel, 1981; Tiffany, 1990). These
cues result in conditioned psychophysiological and behavioural responses
that enhance the motivation for substance use and increase the risk for re-
lapse (Krank & Wall, 1990). Therapeutic approaches, such as cognitive be-
havioural therapy, primarily aim at extinguishing the impact of the condi-
tioned cues and employ different cue-exposure therapeutic interventions
to this end. According to the Positive Psychology theory (Dunn & Dough-
erty, 2005; Fredrickson, Branigan, & Tugade, 1998; Tugade & Fredrickson,
2004), eliciting positive emotions can counteract the psychophysiological
effects induced by negative emotions, such as stress, fear and anxiety. Re-
search studies have verified this hypothesis by showing that cardiovas-
cular arousal induced by fear can be counteracted by evoking positive
emotions (Fredrickson et al., 1998; Fredrickson & Levenson, 1998). Since
craving is considered as an emotion (Franken, 2003), countercondition-
ing cues conditioned with substance use would necessitate an alternative
emotion-eliciting source that could facilitate modifying and counteract-
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ing the conditioned psychophysiological responses related to craving. Of
interest, music listening has been proposed as an efficient source for in-
ducing positive emotions (Salimpoor et al., 2011; Salimpoor et al., 2009)
that can counteract negative emotional states and psychophysiological
symptoms (Allen et al., 2001; Andrade & Bhattacharya, 2003; Hamel,
2001; Phipps, Carroll, & Tsiantoulas, 2010; Schneider, Schedlowski, Sch-
urmeyer, & Becker, 2001; Sutoo & Akiyama, 2004; Thorgaard, Henriksen,
Pedersbaek, & Thomsen, 2004; Watkins, 1997), via eliciting a positive ef-
fect on the related homeostatic functions (Bernatzky et al., 2011; Saka-
moto, Ando, & Tsutou, 2013; Salamon, Kim, Beaulieu, & Stefano, 2003).
Neurobiological findings further support this notion as they argue that
the capacity of music to induce positive emotions and counteract nega-
tive affect is due to dopamine release in the brain’s mesolimbic system in
response to music (Blood & Zatorre, 2001; Menon & Levitin, 2005; Salim-
poor et al.,, 2011) and to deactivation of the amygdala which is involved
in the experience of negative emotions (Blood & Zatorre, 2001; Blood
et al., 1999). Aldridge and Fachner (2006) have suggested that this may
be the reason that substance-addicted individuals actively listen to mu-
sic. Furthermore, music listening has shown to counteract negative ideas
(Phipps et al., 2010), prevent negative mood (Sarkamo et al., 2008) and
enhance positive beliefs that overcome the tendency to counteract them
via rational thinking (Salamon et al., 2003). Therefore, it could be argued
that listening to pleasant music not associated with substance use may
be a useful assisting agent in counterconditioning substance-related cues
and in increasing the effectiveness of cue-exposure therapy for substance
addiction treatment. Indeed, a pilot study by Stamou et al. (2016, 2017)
investigated the effectiveness of music-assisted systematic desensitiza-
tion for substance addiction treatment and showed that music-assisted
cue counterconditioning may be more effective than unreinforced expo-
sure without music. The study also provided evidence of music enhanc-
ing the therapeutic effects of systematic desensitization on cognitive and
psychopathological components of substance addiction. If these findings
are verified by future studies, music-assisted cue exposure may prove to
be a useful treatment modality for reacquiring cognitive control over cue
reactivity and containing compulsive substance-seeking behaviours dur-
ing exposure to substance-conditioned cues (Beck, Wright, Newman, &
Liese, 1993; Christiansen et al., 1989; Marlatt, 1996).
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11. Music listening as a potential relapse risk factor

Apart from its potential therapeutic properties, music has also been as-
sociated with substance use and has been identified as a risk factor for
relapse (Aldridge & Fachner, 2010). Notably, different music genres have
shown to be often matched with different substances in relation to the
mood induced by the substance (Aldridge & Fachner, 2006). The repeated
substance use accompanied by music has shown to result in music acting
as a conditioned cue that may promote relapse (Aldridge & Fachner, 2010;
Boening, 2001; Doak, 2003; Esch & Stefano, 2004; Horesh, 2006; Mays,
Clark, & Gordon, 2008; White, 1996). Indeed, the aforementioned link
between music and substance use has been experimentally verified by ani-
mal studies (Polston & Glick, 2011; Polston et al., 2011) which showed that
music can act as a conditioned stimulus capable of reinstating substance-
seeking behaviours. This association has actually been used by therapists
to help substance-addicted individuals attenuate the neurobiological cas-
cade that underlies this effect (Horesh, 2006). Although the above find-
ings indicate the potential risk-carrying properties of music, the notion
that music can only act as a cue for substance-seeking behaviours seems
to have a narrow perspective. For instance, it would be interesting to see
if music could facilitate abstinence by acting as a conditioned stimulus
for substance-craving inhibition when paired with a drug or therapeu-
tic modality that attenuates substance-seeking behaviour. Furthermore,
research studies have shown that listening to music can modify the lev-
el of blood natural opiates (Stefano, Zhu, Cadet, Salamon, & Mantione,
2004) and if future research confirms these findings music listening could
serve as a potential substitute for substances during therapy (Aldridge
& Fachner, 2010) and facilitate abstinence. This would allow important
emotional, physical and social issues (Ghetti, 2004) to be addressed under
less pressure during therapy. Indeed, music can provoke a sedative as well
as energizing effect and temporarily fill the emotional void experienced
during detoxification and early stages of rehabilitation, thus facilitating
abstinence before more complicated issued related to substance addic-
tion can be addressed (Aldridge & Fachner, 2006). The capacity of mu-
sic listening to evoke dopamine release and induce feelings of relaxation,
pleasure and euphoria (Blood & Zatorre, 2001; Chanda & Levitin, 2013;
Menon & Levitin, 2005; Salimpoor et al., 2011; Volkow et al., 2006) could
prove to be beneficial at these stages of treatment. The effect of music
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on dopamine-related brain circuits, which may be the reason substance-
addicted individuals actively listen to music (Aldridge & Fachner, 2006),
could further serve for enhancing engagement to treatment. Additionally,
songs are capable of awakening episodic memories (Aldridge & Fachner,
2010; Juslin & Vastfjall, 2008; Juslin & Sloboda, 2001) and could poten-
tially help unbury memories or traumatic events that may be associated
with substance addiction and pose a risk for relapse. Music could also
assist the development of a trustful relationship between the therapist
and the addicted individual and thus, slowly but steadily, facilitate break-
ing substance-addicted individuals’ defences during therapy (Bednarz &
Nikkel, 1992). Finally, the link between music and pop culture may also
provide an additional therapeutic tool for the exploration and modifica-
tion of maladaptive emotional and behavioural patterns, for facilitating
emotional expression, and for promoting rebuilding of self-identity as a
group member in a group therapy setting (Dijkstra & Hakvoort, 2004).

12. Conclusion

The apparent connection between music listening and the dopaminergic-
reward pathways in the brain may partly explain why, although not nec-
essary for our survival, music can play an important role in our physical
and mental well-being. More importantly, this effect could extend to a
significant contribution in the gradual rehabilitation of the dopaminergic
activity in the brain of substance-addicted individuals, as evidence shows
that music listening has the capacity to regulate DA release and poten-
tially result in the proliferation of D2 receptors. Although one could argue
that feelings of pleasure and euphoria may be conditioned with substance
use that can lead to substance-seeking behaviours, the existing evidence
seems to point to a direction where the careful consideration and use of
music listening could have a beneficial effect on dopaminergic activity
both during the substance detoxification and rehabilitation stages. The
fact that music listening has not been reported to induce serious side-
effects and mainly induces pleasurable experiences makes it an attractive
solution worth investigating in future experimental studies to allow the
development of interdisciplinary music-assisted therapeutic interven-
tions that may act as efficient complementary treatment modalities for re-
instating brain dopaminergic activity in substance-addicted individuals.



120 | HANDBOOK OF BEST PRACTICES: MUSIC IN CREATIVE DETOXIFICATION AND REHABILITATION

Bibliography

Aguilar de Arcos, E, Verdejo-Garcia, A., Peralta-Ramirez, M. 1., Sanchez-
Barrera, M., & Perez-Garcia, M. (2005). Experience of emotions in sub-
stance abusers exposed to images containing neutral, positive, and nega-
tive affective stimuli. Drug and Alcohol Dependence, 78(2), 159-167. doi:
10.1016/j.drugalcdep.2004.10.010.

Aharon, I, Etcoft, N., Ariely, D., Chabris, C. E,, O’Connor, E., & Breiter, H. C.
(2001). Beautiful faces have variable reward value: fMRI and behavioral
evidence. Neuron - Cell, 32(3), 537-551.

Aldridge, D., & Fachner, J. (2006). Music and Altered States - Consciousness,
Transcendence, Therapy and Addictions. London: Jessica Kingsley Pub-
lishers.

Aldridge, D., & Fachner, J. (2010). Music Therapy and Addictions. London:
Jessica Kingsley Publishers.

Allen, K., Golden, L. H., Izzo, J. L. Jr., Ching, M. L, Forrest, A., Niles, C. R,,
... Barlow, J. C. (2001). Normalization of hypertensive responses during
ambulatory surgical stress by perioperative music. Psychosomatic Medi-
cine, 63(3), 487-492.

American Psychiatric Association. (2013). Diagnostic and Statistical Manual
of Mental Disorders (5th ed.). Washington, DC., USA.

Andrade, P. E., & Bhattacharya, J. (2003). Brain tuned to music. Journal of the
Royal Society of Medicine, 96(6), 284-287.
Ashby, F. G, Isen, A. M., & Turken, A. U. (1999). A neuropsychological the-

ory of positive affect and its influence on cognition. Psychological Review,
106(3), 529-550.

Aujla, H., Martin-Fardon, R., & Weiss, F. (2008). Rats with extended access to
cocaine exhibit increased stress reactivity and sensitivity to the anxiolytic-
like effects of the mGluR 2/3 agonist LY379268 during abstinence. Neuro-
psychopharmacology, 33(8), 1818-1826. doi: 10.1038/sj.npp.1301588.

Baker, T. B., Morse, E., & Sherman, J. E. (1987). The motivation to use drugs:
A psychobiological analysis of urges. In P. C. Rivers (Ed.), The Nebraska
Symposium on Motivation: Alcohol Use and Abuse (pp. 257-323). Lincoln:
University of Nebraska Press.

Bartlett, D., Kaufman, D., & Smeltekop, R. (1993). The effects of music lis-
tening and perceived sensory experiences on the immune system as mea-



CAN MUSIC LISTENING FACILITATE REINSTATING BRAIN DOPAMINERGIC ACTIVITY | 121
IN SUBSTANCE-ADDICTED INDIVIDUALS? A THEORETICAL REVIEW

sured by interleukin-1 and cortisol. Journal of Music Therapy, 30(4),
194-209.

Becerra, L., Breiter, H. C., Wise, R., Gonzalez, R. G., & Borsook, D. (2001).
Reward circuitry activation by noxious thermal stimuli. Neuron - Cell,
32(5), 927-946.

Bechara, A. (2003). Risky business: Emotion, decision-making, and ad-
diction. Journal of Gambling Studies, 19(1), 23-51.

Bechara, A. (2004). The role of emotion in decision-making: Evidence
from neurological patients with orbitofrontal damage. Brain and Cog-
nition, 55(1), 30-40. doi: 10.1016/j.bandc.2003.04.001.

Bechara, A., Damasio, A. R., & Damasio, H. (2001). Manipulation of do-
pamine and serotonin cause different effects on covert and overt deci-
sion-making [Abstract]. Society for Neuroscience, 27, 126.

Beck, A. T., Wright, E D., Newman, C. E, & Liese, B. S. (1993). Cogni-
tive Therapy of Substance Abuse. New York and London: The Guilford
Press.

Bednarz, L. E, & Nikkel, B. (1992). The Role of Music Therapy in the
Treatment of Young Adults Diagnosed with Mental Illness and Sub-
stance Abuse. Music Therapy Perspectives, 10(1), 21-26.

Bernatzky, G., Presch, M., Anderson, M., & Panksepp, J. (2011). Emotion-
al foundations of music as a non-pharmacological pain management
tool in modern medicine. Neuroscience and Biobehavioral Reviews,
35(9), 1989-1999.

Berridge, K. C., & Robinson, T. E. (1995). The mind of an addicted brain:
Neural sensitization of wanting versus liking. Current Directions in
Psychological Science, 4, 71-76.

Berridge, K. C., Robinson, T. E., & Aldridge, ]. W. (2009). Dissecting com-
ponents of reward: ‘Liking, ‘wanting} and learning. Current Opinion in
Pharmacology, 9(1), 65-73. doi: 10.1016/j.coph.2008.12.014.

Blair, R. J., Morris, J. S., Frith, C. D., Perrett, D. 1., & Dolan, R. J. (1999).
Dissociable neural responses to facial expressions of sadness and an-
ger. Brain, 122 ('5), 883-893.

Blood, A. J., & Zatorre, R. J. (2001). Intensely pleasurable responses to
music correlate with activity in brain regions implicated in reward and



122 | HANDBOOK OF BEST PRACTICES: MUSIC IN CREATIVE DETOXIFICATION AND REHABILITATION

emotion. Proceedings of the National Academy of Sciences of the United
States of America, 98(20), 11818-11823.

Blood, A. J., Zatorre, R. J., Bermudez, P., & Evans, A. C. (1999). Emotion-
al responses to pleasant and unpleasant music correlate with activity in
paralimbic brain regions. Nature Neuroscience, 2(4), 382-387.

Blum, K., Chen, A. L., Chen, T. J., Braverman, E. R., Reinking, J., Blum, S. H.,
... Oscar-Berman, M. (2008). Activation instead of blocking mesolimbic
dopaminergic reward circuitry is a preferred modality in the long term
treatment of reward deficiency syndrome (RDS): A commentary. Theo-
retical Biology and Medical Modelling, 5, 24.

Blum, K., Chen, T. J., Bailey, J., Bowirrat, A., Femino, J., Chen, A. L., . ..
Oscar-Berman, M. (2011). Can the chronic administration of the com-
bination of buprenorphine and naloxone block dopaminergic activity
causing anti-reward and relapse potential? Molecular Neurobiology, 44(3),
250-268. doi: 10.1007/s12035-011-8206-0.

Blum, K., Chen, T. ], Chen, A. L., Madigan, M., Downs, B. W., Waite, R. L., .
.. Gold, M. S. (2010). Do dopaminergic gene polymorphisms affect meso-
limbic reward activation of music listening response? Therapeutic impact
on Reward Deficiency Syndrome (RDS). Medical Hypotheses, 74(3), 513-
520.

Blum, K., Chen, T. J., Downs, B. W,, Bowirrat, A., Waite, R. L., Braverman, E.
R., ... Gold, M. (2009). Neurogenetics of dopaminergic receptor super-
sensitivity in activation of brain reward circuitry and relapse: Proposing
“deprivation-amplification relapse therapy” (DART). Postgraduate Medi-
cine, 121(6), 176-196. doi: 10.3810/pgm.2009.11.2087.

Blum, K., & Gold, M. S. (2011). Neuro-chemical activation of brain reward
mesolimbic circuitry is associated with relapse prevention and drug hun-
ger: A hypothesis. Medical Hypotheses, 76(4), 576-584. doi: 10.1016/j.
mehy.2011.01.005.

Blum, K., Noble, E. P.,, Sheridan, P. J., Montgomery, A., Ritchie, T., Jaga-
deeswaran, P,, . .. Cohn, J. B. (1990). Allelic association of human dopa-
mine D2 receptor gene in alcoholism. JAMA, 263(15), 2055-2060.

Blum, K., Sheridan, P. J., Wood, R. C., Braverman, E. R., Chen, T. J., Cull, J.
G., & Comings, D. E. (1996). The D2 dopamine receptor gene as a de-

terminant of reward deficiency syndrome. Journal of the Royal Society of
Medicine, 89(7), 396-400.



CAN MUSIC LISTENING FACILITATE REINSTATING BRAIN DOPAMINERGIC ACTIVITY | 123
IN SUBSTANCE-ADDICTED INDIVIDUALS? A THEORETICAL REVIEW

Boening, J. A. (2001). Neurobiology of an addiction memory. Journal of
Neural Transmission, 108(6), 755-765.

Boso, M., Politi, P,, Barale, E, & Enzo, E. (2006). Neurophysiology and
neurobiology of the musical experience. Functional Neurology, 21(4),
187-191.

Bowirrat, A., & Oscar-Berman, M. (2005). Relationship between dopa-
minergic neurotransmission, alcoholism, and reward deficiency syn-
drome. American Journal of Medical Genetics Part B, 132(1), 29-37.
doi: 10.1002/ajmg.b.30080.

Breiter, H. C., Etcoff, N. L., Whalen, P. J., Kennedy, W. A., Rauch, S. L.,
Buckner, R. L., ... Rosen, B. R. (1996). Response and habituation of the
human amygdala during visual processing of facial expression. Neuron
- Cell, 17(5), 875-887.

Brown, S., Martinez, M. J., & Parsons, L. M. (2004). Passive music listen-
ing spontaneously engages limbic and paralimbic systems. Neurore-
port, 15(13), 2033-2037.

Cepeda, M. S., Carr, D. B, Lau, J., & Alvarez, H. (2006). Music for pain
relief. Cochrane Database of Systematic Reviews Medicine, 2(2). doi:
10.1002/14651858.CD004843.pub2.

Chanda, M. L., & Levitin, D. J. (2013). The neurochemistry of music.
Trends in Cognitive Sciences, 17(4), 179-193.

Christiansen, B. A., & Goldman, M. S. (1983). Alcohol-related expectan-
cies versus demographic/background variables in the prediction of ad-
olescent drinking. Journal of Consulting and Clinical Psychology, 51(2),
249-257.

Christiansen, B. A., Smith, G. T., Roehling, P. V., & Goldman, M. S. (1989).
Using alcohol expectancies to predict adolescent drinking behavior af-
ter one year. Journal of Consulting and Clinical Psychology, 57(1), 93-99.

Ciccocioppo, R., Lin, D., Martin-Fardon, R., & Weiss, E. (2003). Rein-
statement of ethanol-seeking behavior by drug cues following single
versus multiple ethanol intoxication in the rat: Effects of naltrexone.
Psychopharmacology (Berl), 168(1-2), 208-215. doi: 10.1007/s00213-
002-1380-z.

Ciccocioppo, R., Martin-Fardon, R., & Weiss, E (2002). Effect of selec-
tive blockade of mu(1) or delta opioid receptors on reinstatement of



124 | HANDBOOK OF BEST PRACTICES: MUSIC IN CREATIVE DETOXIFICATION AND REHABILITATION

alcohol-seeking behavior by drug-associated stimuli in rats. Neuropsycho-
pharmacology, 27(3), 391-399. doi: 10.1016/50893-133X(02)00302-0.

Colzato, L. S., van den Wildenberg, W. P, & Hommel, B. (2007). Impaired
inhibitory control in recreational cocaine users. PLoS One, 2(11), e1143.
doi: 10.1371/journal.pone.0001143.

Conner, B. T,, Hellemann, G. S., Ritchie, T. L., & Noble, E. P. (2010). Genet-
ic, personality, and environmental predictors of drug use in adolescents.
Journal of Substance Abuse Treatment, 38(2), 178-190. doi: 10.1016/j.
jsat.2009.07.004.

Dalley, J. W., Everitt, B. J., & Robbins, T. W. (2011). Impulsivity, compulsiv-
ity, and top-down cognitive control. Neuron - Cell, 69(4), 680-694. doi:
10.1016/j.neuron.2011.01.020

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

Dennis, B. B., Naji, L., Bawor, M., Bonner, A., Varenbut, M., Daiter, ], . .
. Thabane, L. (2014). The effectiveness of opioid substitution treatments
for patients with opioid dependence: A systematic review and mul-
tiple treatment comparison protocol. Systematic Reviews, 3(1), 105. doi:
10.1186/2046-4053-3-105.

Diana, M. (2011). The dopamine hypothesis of drug addiction and its poten-
tial therapeutic value. Frontiers in Psychiatry, 2, 64.

Diana, M., Brodie, M., Muntoni, A., Puddu, M. C., Pillolla, G., Steffensen, S.,
... Little, H. J. (2003). Enduring effects of chronic ethanol in the CNS: Ba-
sis for alcoholism. Alcoholism: Clinical and Experimental Research, 27(2),
354-361. doi: 10.1097/01.ALC.0000057121.36127.19.

Diana, M., Melis, M., Muntoni, A. L., & Gessa, G. L. (1998). Mesolimbic do-
paminergic decline after cannabinoid withdrawal. Proceedings of the Na-
tional Academy of Sciences of the United States of America, 95(17), 10269-
10273.

Diana, M., Pistis, M., Muntoni, A., & Gessa, G. (1996). Mesolimbic dopa-
minergic reduction outlasts ethanol withdrawal syndrome: Evidence of
protracted abstinence. Neuroscience, 71(2), 411-415.

Dick, D. M., Bernard, M., Aliev, E, Viken, R., Pulkkinen, L., Kaprio, J., &
Rose, R. J. (2009). The role of socioregional factors in moderating ge-

netic influences on early adolescent behavior problems and alcohol use.
Alcoholism: Clinical and Experimental Research, 33(10), 1739-1748. doi:



CAN MUSIC LISTENING FACILITATE REINSTATING BRAIN DOPAMINERGIC ACTIVITY | 125
IN SUBSTANCE-ADDICTED INDIVIDUALS? A THEORETICAL REVIEW

10.1111/j.1530-0277.2009.01011.x.

Dick, D. M., Rose, R. ], Viken, R. J., Kaprio, J., & Koskenvuo, M. (2001).
Exploring gene-environment interactions: Socioregional moderation
of alcohol use. Journal of Abnormal Psychology, 110(4), 625-632.

Dijkstra, I., & Hakvoort, L. (2004). How to deal music? Enhancing coping
strategies in music therapy with clients suffering from addiction prob-
lems. Music Therapy Today, 5(5), 1-27.

Doak, B. A. (2003). Relationships between adolescent psyhiatric diagno-
ses, music preferences and drug preferences. Music Therapy Perspec-
tives, 21(2), 69-76.

Dunn, D. S., & Dougherty, S. B. (2005). Prospects for a positive psychol-
ogy of rehabilitation. Rehabilitation Psychology, 50(3), 305-311.

Edwards, G. (2012). “The evil genius of the habit”: DSM-5 seen in histori-
cal context. Journal of Studies on Alcohol and Drugs, 73(4), 699-701.

Elliott, R., Newman, J. L., Longe, O. A., & Deakin, ]. W. (2004). Instru-
mental responding for rewards is associated with enhanced neuronal
response in subcortical reward systems. Neuroimage, 21(3), 984-990.

Ersche, K. D., Turton, A. J., Pradhan, S., Bullmore, E. T., & Robbins, T. W.
(2010). Drug addiction endophenotypes: Impulsive versus sensation-
seeking personality traits. Biological Psychiatry, 68(8), 770-773. doi:
10.1016/j.biopsych.2010.06.015.

Esch, T., & Stefano, G. B. (2004). The neurobiology of pleasure, reward
processes, addiction and their health implications. Neuroendocrinology
Letters, 25(4), 235-251.

Everitt, B. J., Dickinson, A., & Robbins, T. W. (2001). The neuropsycho-
logical basis of addictive behaviour. Brain Research Reviews, 36(2-3),
129-138.

Everitt, B. J., & Robbins, T. W. (2005). Neural systems of reinforcement for
drug addiction: From actions to habits to compulsion. Nature Neuro-
science, 8(11), 1481-1489. doi: 10.1038/nn1579.

Everitt, B. J., & Wolf, M. E. (2002). Psychomotor stimulant addiction: A
neural systems perspective. The Journal of Neuroscience, 22(9), 3312-
3320. doi: 20026356.

Fernandez-Serrano, M. J., Perales, J. C., Moreno-Lopez, L., Perez-Garcia,



126 | HANDBOOK OF BEST PRACTICES: MUSIC IN CREATIVE DETOXIFICATION AND REHABILITATION

M., & Verdejo-Garcia, A. (2012). Neuropsychological profiling of impul-
sivity and compulsivity in cocaine dependent individuals. Psychopharma-
cology (Berl), 219(2), 673-683. doi: 10.1007/s00213-011-2485-z.

Field, M., Mogg, K., & Bradley, B. P. (2004). Cognitive bias and drug craving
in recreational cannabis users. Drug and Alcohol Dependence, 74(1), 105-
111. doi: 10.1016/j.drugalcdep.2003.12.005.

Fraga, M. E, Ballestar, E., Paz, M. F, Ropero, S., Setien, F, Ballestar, M. L.,
. . . Esteller, M. (2005). Epigenetic differences arise during the lifetime
of monozygotic twins. Proceedings of the National Academy of Scienc-
es of the United States of America, 102(30), 10604-10609. doi: 10.1073/
pnas.0500398102.

Franken, I. H. (2003). Drug craving and addiction: Integrating psychologi-
cal and neuropsychopharmacological approaches. Progress in Neuro-Psy-
chopharmacology & Biological Psychiatry, 27(4), 563-579. doi: 10.1016/
S0278-5846(03)00081-2.

Franken, I. H., Stam, C. J., Hendriks, V. M., & van den Brink, W. (2003). Neu-
rophysiological evidence for abnormal cognitive processing of drug cues
in heroin dependence. Psychopharmacology (Berl), 170(2), 205-212. doi:
10.1007/500213-003-1542-7.

Fredrickson, B., Branigan, C., & Tugade, M. (1998). Further evidence for the
undoing effects of positive emotions. Psychophysiology, 35, 32.

Fredrickson, B. L., & Levenson, R. W. (1998). Positive emotions speed recov-
ery from the cardiovascular sequelae of negative emotions. Cognition and
Emotion, 12(2), 191-220. doi: 10.1080/026999398379718.

Garavan, H., Pankiewicz, J., Bloom, A., Cho, J. K., Sperry, L., Ross, T. ], . . .
Stein, E. A. (2000). Cue-induced cocaine craving: Neuroanatomical speci-
ficity for drug users and drug stimuli. The American Journal of Psychiatry,
157(11), 1789-1798.

Gardner, E. L. (1999). The neurobiology and genetics of addiction: Implica-
tions of the “reward deficiency syndrome” for therapeutic strategies in
chemical dependency. In J. Elster (Ed.), Addiction: Entries and Exits (pp.
57-119). New York: Russell Sage Foundation.

Gerra, G., Zaimovic, A., Franchini, D., Palladino, M., Giucastro, G., Reali, N.,
... Brambilla, E (1998). Neuroendocrine responses of healthy volunteers
to ‘techno-music’: Relationships with personality traits and emotional
state. International Journal of Psychophysiology, 28(1), 99-111.



CAN MUSIC LISTENING FACILITATE REINSTATING BRAIN DOPAMINERGIC ACTIVITY | 127
IN SUBSTANCE-ADDICTED INDIVIDUALS? A THEORETICAL REVIEW

Ghetti, C. M. (2004). Incorporating music therapy into the harm reduc-
tion approach to managing substance use problems. Music Therapy
Perspectives, 22(2), 84-90.

Goeders, N. E., & Guerin, G. E (1994). Non-contingent electric footshock
facilitates the acquisition of intravenous cocaine self-administration in
rats. Psychopharmacology (Berl), 114(1), 63-70.

Goldstein, A. (1980). Thrills in response to music and other stimuli. Jour-
nal of Comparative and Physiological Psychology, 8(1), 126-129.

Goldstein, R. Z., & Volkow, N. D. (2002). Drug addiction and its under-
lying neurobiological basis: Neuroimaging evidence for the involve-
ment of the frontal cortex. The American Journal of Psychiatry, 159(10),
1642-1652.

Gracy, K. N., Dankiewicz, L. A., Weiss, E.,, & Koob, G. F. (2000). Heroin-
specific stimuli reinstate operant heroin-seeking behavior in rats after
prolonged extinction. Pharmacology Biochemistry and Behavior, 65(3),
489-494.

Green, A. 1., Zimmet, S. V., Strous, R. D., & Schildkraut, J. J. (1999). Clo-
zapine for comorbid substance use disorder and schizophrenia: Do
patients with schizophrenia have a reward-deficiency syndrome that
can be ameliorated by clozapine? Harvard Review of Psychiatry, 6(6),
287-296.

Grimm, ]. W,, Hope, B. T., Wise, R. A., & Shaham, Y. (2001). Neuroad-
aptation. Incubation of cocaine craving after withdrawal. Nature,
412(6843), 141-142. doi: 10.1038/35084134.

Hamel, W. J. (2001). The effects of music intervention on anxiety in the
patient waiting for cardiac catheterization. Intensive and Critical Care
Nursing, 17(5), 279-285. doi: 10.1054/iccn.2001.1594.

Heinz, A., Siessmeier, T., Wrase, J., Hermann, D., Klein, S., Griisser-Sin-
opoli, S. M., . .. Bartenstein, P. (2004). Correlation between dopamine
D2 receptors in the ventral striatum and central processing of alcohol
cues and craving. The American Journal of Psychiatry, 161, 1783-1789.

Horesh, T. (2006). Dangerous music - working with the destructive and
healing powers of popular music in the treatment of substance abus-
ers. In D. Aldridge & J. Fachner (Eds.), Music and Altered States - Con-
sciousness, Transcendence, Therapy and Addictions (pp. 125-139). Lon-



128 | HANDBOOK OF BEST PRACTICES: MUSIC IN CREATIVE DETOXIFICATION AND REHABILITATION

don: Jessica Kingsley Publishers.

Jentsch, J. D., & Taylor, J. R. (1999). Impulsivity resulting from frontostriatal
dysfunction in drug abuse: Implications for the control of behavior by
reward-related stimuli. Psychopharmacology (Berl), 146(4), 373-390.

Juslin, P. N., & Vastfjall, D. (2008). Emotional responses to music: The need
to consider underlying mechanisms. Behavioral and Brain Sciences, 31,
559-621.

Juslin, P. N., & Sloboda, J. A. (2001). Music and Emotion: Theory and Re-
search. Oxford, U.K.: Oxford University Press.

Kelly, A. E., & Berridge, K. C. (2002). The neuroscience of natural rewards:
Relevance to addictive drugs. The Journal of Neuroscience, 22, 3306.

Kendler, K. S., Jacobson, K. C., Prescott, C. A., & Neale, M. C. (2003). Speci-
ficity of genetic and environmental risk factors for use and abuse/depen-
dence of cannabis, cocaine, hallucinogens, sedatives, stimulants, and opi-
ates in male twins. The American Journal of Psychiatry, 160(4), 687-695.

Kendler, K. S., Karkowski, L. M., Corey, L. A., Prescott, C. A., & Neale, M. C.
(1999). Genetic and environmental risk factors in the aetiology of illicit
drug initiation and subsequent misuse in women. The British Journal of
Psychiatry, 175(4), 351-356.

Kendler, K. S., & Prescott, C. A. (1998). Cocaine use, abuse and dependence
in a population-based sample of female twins. The British Journal of Psy-
chiatry, 173(4), 345-350.

Kendler, K. S., Prescott, C. A., Neale, M. C., & Pedersen, N. L. (1997). Tem-
perance board registration for alcohol abuse in a national sample of Swed-
ish male twins, born 1902 to 1949. Archives of General Psychiatry, 54(2),
178-184.

Killgore, W. D., & Yurgelun-Todd, D. A. (2004). Activation of the amygdala
and anterior cingulate during nonconscious processing of sad versus hap-
py faces. Neuroimage, 21(4), 1215-1223.

Koelsch, S. (2010). Towards a neural basis of music-evoked emotions. Trends
in Cognitive Sciences, 14(3), 131-137.

Koelsch, S., Fritz, T., V. Cramon, D. Y., Muller, K., & Friederici, A. D. (2006).
Investigating emotion with music: An fMRI study. Human Brain Map-
ping, 27(3), 239-250.

Koob, G. E, Kenneth Lloyd, G., & Mason, B. J. (2009). Development of phar-



CAN MUSIC LISTENING FACILITATE REINSTATING BRAIN DOPAMINERGIC ACTIVITY | 129
IN SUBSTANCE-ADDICTED INDIVIDUALS? A THEORETICAL REVIEW

macotherapies for drug addiction: A Rosetta stone approach. Nature
Reviews Drug Discovery, 8(6), 500-515. doi: 10.1038/nrd2828.

Koob, G. E, & Le Moal, M. (2008). Addiction and the brain antireward
system. Annual Review of Psychology, 59, 29-53. doi: 10.1146/annurev.
psych.59.103006.093548.

Koob, G. E, & Volkow, N. D. (2010). Neurocircuitry of addiction. Neuro-
psychopharmacology, 35(1), 217-238. doi: 10.1038/npp.2009.110.

Krank, M. D., & Wall, A. M. (1990). Cue exposure during a period of ab-
stinence reduces the resumption of operant behavior for oral ethanol
reinforcement. Behavioral Neuroscience, 104(5), 725-733.

Kreek, M. J., & Koob, G. F. (1998). Drug dependence: Stress and dysregu-
lation of brain reward pathways. Drug and Alcohol Dependence, 51(1-
2), 23-47.

Lazarus, R. S., & Folkman, S. (1987). Transactional theory and research on
emotions and coping. European Journal of Personality, 1(3), 141-169.

Le, A., & Shaham, Y. (2002). Neurobiology of relapse to alcohol in rats.
Pharmacology and Therapeutics , 94(1-2), 137-156.

LeBlanc, K. H., Ostlund, S. B., & Maidment, N. T. (2012). Pavlovian-to-
instrumental transfer in cocaine seeking rats. Behavioral Neuroscience,
126(5), 681-689.

Lee, E., Ku, J., Jung, Y. C, Lee, H., An, S. K., Kim, K. R,, . . . Namkoong,
K. (2013). Neural evidence for emotional involvement in pathological
alcohol craving. Alcohol Alcohol, 48(3), 288-294. doi: 10.1093/alcalc/
ags130.

Leggio, L., Cardone, S., Ferrulli, A, Kenna, G. A., Diana, M., Swift, R. M.,
& Addolorato, G. (2010). Turning the clock ahead: potential preclini-
cal and clinical neuropharmacological targets for alcohol dependence.
Current Pharmaceutical Design, 16(19), 2159-2118.

Leland, D. S., Arce, E., Feinstein, J. S., & Paulus, M. P. (2006). Young adult
stimulant users’ increased striatal activation during uncertainty is re-
lated to impulsivity. Neuroimage, 33(2), 725-731. doi: 10.1016/j.neuro-
image.2006.07.011.

Lingford-Hughes, A., & Nutt, D. (2003). Neurobiology of addiction and
implications for treatment. The British Journal of Psychiatry, 182(2), 97-
100.



130 | HANDBOOK OF BEST PRACTICES: MUSIC IN CREATIVE DETOXIFICATION AND REHABILITATION

Lu, L., Uejima, J. L., Gray, S. M., Bossert, J. M., & Shaham, Y. (2007). Systemic
and central amygdala injections of the mGluR(2/3) agonist LY379268 at-
tenuate the expression of incubation of cocaine craving. Biological Psy-
chiatry, 61(5), 591-598. doi: 10.1016/j.biopsych.2006.04.011.

Luo, X., Kranzler, H., Lappalainen, J., Rosenheck, R., Charney, D., Zuo, L.,
. . . Gelernter, J. (2004). CALCYON gene variation, schizophrenia, and
cocaine dependence. American Journal of Medical Genetics Part B, 125(1),
25-30. doi: 10.1002/ajmg.b.20092.

Malhotra, A. K., Lencz, T., Correll, C. U, & Kane, J. M. (2007). Genomics
and the future of pharmacotherapy in psychiatry. International Review of
Psychiatry, 19(5), 523-530. doi: 10.1080/09540260701563460.

Marlatt, G. A. (1985). Cognitive factors in the relapse process. G. A. Marlatt
¢ J. R. Gordon (Eds.). Relapse Prevention (pp. 128-200): New York: Guil-
ford Press.

Marlatt, G. A. (1990). Cue exposure and relapse prevention in the treatment
of addictive behaviors. Addictive Behaviors, 15(4), 395-399.

Marlatt, G. A. (1996). Taxonomy of high-risk situations for alcohol relapse:
Evolution and development of a cognitive-behavioral model. Addiction,
91(12, Suppl1), 37-50.

Martin-Soelch, C., Chevalley, A. F,, Kunig, G., Missimer, ]., Magyar, S., Mino,
A.,...Leenders, K. L. (2001). Changes in reward-induced brain activation
in opiate addicts. European Journal of Neuroscience, 14(8), 1360-1368.

Mays, K. L., Clark, D. L., & Gordon, A. J. (2008). Treating addiction with
tunes: A systematic review of music therapy for the treatment of patients
with addictions. Substance Abuse, 29(4), 51-59.

Maze, L., & Nestler, E. J. (2011). The epigenetic landscape of addiction. Annals
of the New York Academy of Sciences, 1216(1), 99-113. doi: 10.1111/j.1749-
6632.2010.05893 x.

Mega, M., Cummings, J., Salloway, S., & Malloy, P. (1997). The limbic system:
An anatomic, phylogenetic and clinical perspective. In S. Salloway, P. Mal-
loy & J. L. Cummings (Eds.), The Neuropsychiatry of Limbic and Subcorti-
cal Disorders (pp. 3-18). Washington, DC: American Psychiatric Press.

Melis, M., Spiga, S., & Diana, M. (2005). The dopamine hypothesis of drug
addiction: Hypodopaminergic state. International Review of Neurobiology,
63, 101-154. doi: 10.1016/S0074-7742(05)63005-X.



CAN MUSIC LISTENING FACILITATE REINSTATING BRAIN DOPAMINERGIC ACTIVITY | 131
IN SUBSTANCE-ADDICTED INDIVIDUALS? A THEORETICAL REVIEW

Menon, V., & Levitin, D. J. (2005). The rewards of music listening: Re-
sponse and physiological connectivity of the mesolimbic system. Neu-
roimage, 28(1), 175-184.

Mizrahi, R., Houle, S., Vitcu, 1., Ng, A., & Wilson, A. A. (2010). Side ef-
fects profile in humans of (11)C-(+)-PHNO, a dopamine D(2/3) ago-
nist ligand for PET. Journal of Nuclear Medicine, 51(3), 496-497. doi:
10.2967/jnumed.109.072314.

Mollenauer, S., Bryson, R., Robison, M., Sardo, J., & Coleman, C. (1993).
EtOH self-administration in anticipation of noise stress in C57BL/6]
mice. Pharmacology Biochemistry and Behavior, 46(1), 35-38.

Morris, J. S., Frith, C. D., Perrett, D. I, Rowland, D., Young, A. W., Calder,
A.]., &Dolan, R.J. (1996). A differential neural response in the human
amygdala to fearful and happy facial expressions. Nature, 383(6603),
812-815.

Nelson, E. C., Heath, A. C,, Lynskey, M. T., Bucholz, K. K., Madden, P. A,,
Statham, D. J., & Martin, N. G. (2006). Childhood sexual abuse and
risks for licit and illicit drug-related outcomes: A twin study. Psycho-
logical Medicine, 36(10), 1473-1483. doi: 10.1017/50033291706008397.

Nilsson, U. (2009). The effect of music intervention in stress response to
cardiac surgery in a randomized clinical trial. Heart Lung, 38(3), 201-
207. doi: 10.1016/j.hrtlng.2008.07.008.

Nilsson, U., Unosson, M., & Rawal, N. (2005). Stress reduction and an-
algesia in patients exposed to calming music postoperatively: A ran-
domized controlled trial. European Journal of Anaesthesiology, 22(2),
96-102.

Noble, E. P,, Blum, K., Ritchie, T., Montgomery, A., & Sheridan, P.]. (1991).
Allelic association of the D2 dopamine receptor gene with receptor-
binding characteristics in alcoholism. Archives of General Psychiatry,
48(7), 648-654.

Ostlund, S. B., & Balleine, B. W. (2008). The disunity of Pavlovian and in-
strumental values. Behavioral and Brain Sciences, 31(4), 456-457.

Ostlund, S. B., & Maidment, N. T. (2012). Dopamine receptor blockade at-
tenuates the general incentive motivational effects of noncontingently
delivered rewards and reward-paired cues without affecting their abil-
ity to bias action selection. Neuropsychopharmacology, 37(2), 508-519.



132 | HANDBOOK OF BEST PRACTICES: MUSIC IN CREATIVE DETOXIFICATION AND REHABILITATION

doi: 10.1038/npp.2011.217.

Oswald, L. M., Wong, D. E, Zhou, Y., Kumar, A., Brasic, J., Alexander, M., .
.. Wand, G. S. (2007). Impulsivity and chronic stress are associated with
amphetamine-induced striatal dopamine release. Neuroimage, 36(1), 153-
166. doi: 10.1016/j.neuroimage.2007.01.055.

Panksepp, J. (1995). The emotional sources of “chills” induced by music. Mu-
sic Perception, 13, 171-207.

Panksepp, J. (2007). Neurologizing the psychology of affects: How appraisal-
based constructivism and basic emotion theory can coexist. Perspectives
on Psychological Science, 2(3), 281-296.

Panksepp, J., Knutson, B., & Burgdorf, J. (2002). The role of brain emotional
systems in addictions: A neuro-evolutionary perspective and new ‘self-
report’ animal model. Addiction, 97(4), 459-469.

Pecina, S., & Smith, K. S. (2010). Hedonic and motivational roles of opioids
in food reward: Implications for overeating disorders. Pharmacology Bio-
chemistry and Behavior, 97(1), 34-46.

Pereira, C. S., Teixeira, J., Figueiredo, P., Xavier, J., Castro, S. L., & Brattico, E.
(2011). Music and emotions in the brain: Familiarity matters. PLoS One,
6(11), e27241.

Phan, K. L., Wager, T., Taylor, S. E, & Liberzon, I. (2002). Functional neu-
roanatomy of emotion: A meta-analysis of emotion activation studies in
PET and fMRI. Neuroimage, 16(2), 331-348.

Phillips, M. L., Drevets, W. C., Rauch, S. L., & Lane, R. (2003). Neurobiology
of emotion perception I: The neural basis of normal emotion perception.
Biological Psychiatry, 54(5), 504-514.

Phipps, M. A,, Carroll, D. L., & Tsiantoulas, A. (2010). Music as a therapeutic
intervention on an inpatient neuroscience unit. Complementary Therapies
in Clinical Practice, 16(3), 138-142.

Pickens, R. W,, Svikis, D. S., McGue, M., Lykken, D. T., Heston, L. L., & Clay-
ton, P. J. (1991). Heterogeneity in the inheritance of alcoholism. A study of
male and female twins. Archives of General Psychiatry, 48(1), 19-28.

Pohjalainen, T., Rinne, J. O., Nagren, K., Lehikoinen, P, Anttila, K., Syva-
lahti, E. K., & Hietala, J. (1998). The A1 allele of the human D2 dopamine
receptor gene predicts low D2 receptor availability in healthy volunteers.
Molecular Psychiatry, 3(3), 256-260.



CAN MUSIC LISTENING FACILITATE REINSTATING BRAIN DOPAMINERGIC ACTIVITY | 133
IN SUBSTANCE-ADDICTED INDIVIDUALS? A THEORETICAL REVIEW

Polston, J. E., & Glick, S. D. (2011). Music-induced context preference fol-
lowing cocaine conditioning in rats. Behavioral Neuroscience, 125(4),
674-680. doi: 10.1037/a0024341.

Polston, J. E., Rubbinaccio, H. Y., Morra, J. T., Sell, E. M., & Glick, S. D.
(2011). Music and methamphetamine: Conditioned cue-induced in-
creases in locomotor activity and dopamine release in rats. Phar-
macology Biochemistry and Behavior, 98(1), 54-61. doi: 10.1016/j.
pbb.2010.11.024.

Poulous, C. W, Hinson, R., & Siegel., S. (1981). The role of Pavlovian pro-
cesses in drug tolerance and dependence: Implications for treatment.
Addictive Behaviors, 6(3), 205-211.

Ramsey, N. E, & Van Ree, ]. M. (1993). Emotional but not physical stress
enhances intravenous cocaine self-administration in drug-naive rats.
Brain Research, 608(2), 216-222.

Reich, R. R., Goldman, M. S., & Noll, J. A. (2004). Using the false mem-
ory paradigm to test two key elements of alcohol expectancy theory.
Experimental and Clinical Psychopharmacology, 12(2), 102-110. doi:
10.1037/1064-1297.12.2.102.

Renthal, W., & Nestler, E. J. (2008). Epigenetic mechanisms in drug ad-
diction. Trends in Molecular Medicine, 14(8), 341-350. doi: 10.1016/j.
molmed.2008.06.004.

Robinson, T. E., & Berridge, K. C. (1993). The neural basis of drug crav-
ing: An incentive-sensitization theory of addiction. Brain Research Re-
views, 18(3), 247-291.

Robinson, T. E., & Berridge, K. C. (2001). Incentive-sensitization and ad-
diction. Addiction, 96(1), 103-114. doi: 10.1080/09652140020016996.

Robinson, T. E., & Berridge, K. C. (2003). Addiction. Annual Review of
Psychology, 54, 25-53. doi: 10.1146/annurev.psych.54.101601.145237.

Roitman, M. E, Wheeler, R. A., & Carelli, R. M. (2005). Nucleus accum-
bens neurons are innately tuned for rewarding and aversive taste stim-
uli, encode their predictors, and are linked to motor output. Neuron
_ Cell, 45(4), 587-597.

Rothman, R. B, Blough, B. E., & Baumann, M. H. (2007). Dual dopamine/
serotonin releasers as potential medications for stimulant and alcohol

addictions. American Association of Pharmaceutical Scientists Journal,
9(1), 1-10. doi: 10.1208/aapsj0901001.



134 | HANDBOOK OF BEST PRACTICES: MUSIC IN CREATIVE DETOXIFICATION AND REHABILITATION

Ryan, F. (2002). Detected, selected, and sometimes neglected: Cognitive pro-
cessing of cues in addiction. Experimental and Clinical Psychopharmacol-
ogy, 10(2), 67-76.

Saban, A., Flisher, A., Laubscher, R., London, L., & Morojele, N. (2014). The
association between psychopathology and substance use: Adolescent and
young adult substance users in inpatient treatment in Cape Town, South
Africa. The Pan African Medical Journal, 17(8, Suppl 1). Advance online
publication. doi: 10.11694/pamj.supp.2014.17.1.3044.

Sakamoto, M., Ando, H., & Tsutou, A. (2013). Comparing the effects of dif-
ferent individualized music interventions for elderly individuals with se-
vere dementia. International Psychogeriatrics, 25(5), 775-784.

Salamon, E., Kim, M., Beaulieu, J., & Stefano, G. B. (2003). Sound therapy
induced relaxation: Down regulating stress processes and pathologies.
Medical Science Monitor, 9(5), 96-101.

Salimpoor, V. N., Benovoy, M., Larcher, K., Dagher, A., & Zatorre, R. ]. (2011).
Anatomically distinct dopamine release during anticipation and experi-
ence of peak emotion to music. Nature Neuroscience, 14(2), 257-262.

Salimpoor, V. N., Benovoy, M., Longo, G., Cooperstock, J. R., & Zatorre, R. ].
(2009). The rewarding aspects of music listening are related to degree of
emotional arousal. PLoS One, 4(10), e7487.

Salimpoor, V. N., van den Bosch, I., Kovacevic, N., McIntosh, A. R., Dagher,
A., & Zatorre, R. J. (2013). Interactions between the nucleus accumbens
and auditory cortices predict music reward value. Science, 340(6129),
216-219.

Sarkamo, T., Tervaniemi, M., Laitinen, S., Forsblom, A., Soinila, S., Mik-
konen, M., . . . Hietanen, M. (2008). Music listening enhances cognitive
recovery and mood after middle cerebral artery stroke. Brain, 131(3), 866-
876.

Sarnyai, Z., Shaham, Y., & Heinrichs, S. C. (2001). The role of corticotropin-
releasing factor in drug addiction. Pharmacological Reviews, 53(2), 209-
243.

Saunders, B. T., Yager, L. M., & Robinson, T. E. (2013). Cue-evoked cocaine
“craving”: Role of dopamine in the accumbens core. The Journal of Neu-
roscience, 33(35), 13989-14000. doi: 10.1523/JNEUROSCI.0450-13.2013.

Scarr, S., & McCartney, K. (1983). How people make their own environ-
ments: A theory of genotype greater than environment effects. Child De-



CAN MUSIC LISTENING FACILITATE REINSTATING BRAIN DOPAMINERGIC ACTIVITY | 135
IN SUBSTANCE-ADDICTED INDIVIDUALS? A THEORETICAL REVIEW

velopment, 54(2), 424-435.

Schneider, N., Schedlowski, M., Schurmeyer, T. H., & Becker, H. (2001).
Stress reduction through music in patients undergoing cerebral angi-
ography. Neuroradiology, 43(6), 472-476.

Schott, B. H., Minuzzi, L., Krebs, R. M., Elmenhorst, D., Lang, M., Winz,
O.H.,, ... Bauer, A. (2008). Mesolimbic functional magnetic resonance
imaging activations during reward anticipation correlate with reward-
related ventral striatal dopamine release. The Journal of Neuroscience,
28(52), 14311-14319.

Schultz, W. (2000). Multiple reward signals in the brain. Nature Reviews
Neuroscience, 1(3), 199-207.

Shaham, Y., & Miczek, K. A. (2003). Reinstatement-toward model of re-
lapse. Psychopharmacology (Berl), 168(1-2), 1-2.

Shaham, Y., Shalev, U, Lu, L., De Wit, H., & Stewart, J. (2003). The re-
instatement model of drug relapse: History, methodology and major
findings. Psychopharmacology (Berl), 168(1-2), 3-20. doi: 10.1007/
s00213-002-1224-x.

Shalev, U.,, Grimm, J. W., & Shaham, Y. (2002). Neurobiology of relapse to
heroin and cocaine seeking: A review. Pharmacological Reviews, 54(1),
1-42.

Sinha, R. (2001). How does stress increase risk of drug abuse and re-
lapse?. Psychopharmacology (Berl), 158(4), 343-359. doi: 10.1007/
s002130100917.

Sinha, R. (2008). Chronic stress, drug use, and vulnerability to addiction.
Annals of the New York Academy of Sciences, 1141(1), 105-130. doi:
10.1196/annals.1441.030.

Sinha, R., Catapano, D., & O’Malley, S. (1999). Stress-induced craving and
stress response in cocaine dependent individuals. Psychopharmacology
(Berl), 142(4), 343-351.

Sinha, R, Fox, H. C., Hong, K. A., Bergquist, K., Bhagwagar, Z., & Sied-
larz, K. M. (2009). Enhanced negative emotion and alcohol craving,
and altered physiological responses following stress and cue exposure
in alcohol dependent individuals. Neuropsychopharmacology, 34(5),
1198-1208. doi: 10.1038/npp.2008.78.

Sinha, R., Garcia, M., Paliwal, P, Kreek, M. J., & Rounsaville, B. J. (2006).
Stress-induced cocaine craving and hypothalamic-pituitary-adrenal



136 | HANDBOOK OF BEST PRACTICES: MUSIC IN CREATIVE DETOXIFICATION AND REHABILITATION

responses are predictive of cocaine relapse outcomes. Archives of General
Psychiatry, 63(3), 324-331. doi: 10.1001/archpsyc.63.3.324.

Sinha, R., & Li, C. S. (2007). Imaging stress and cue-induced drug and alco-
hol craving: Association with relapse and clinical implications. Drug and
Alcohol Review, 26(1), 25-31. doi: 10.1080/09595230601036960.

Small, D. M., Zatorre, R. J., Dagher, A., Evans, A. C., & Jones-Gotman, M.
(2001). Changes in brain activity related to eating chocolate: From plea-
sure to aversion. Brain, 124(9), 1720-1733.

Smith, G. T,, Goldman, M. S., Greenbaum, P. E., & Christiansen, B. A. (1995).
Expectancy for social facilitation from drinking: The divergent paths of
high-expectancy and low-expectancy adolescents. Journal of Abnormal
Psychology, 104(1), 32-40.

Stamou, V., Clerveaux, R., Stamou, L., Le Rocheleuil, S., Berejnoi, L., Romo,
L., & Graziani, P.

(2017). The therapeutic contribution of music in music-assisted systematic
desensitization for substance addiction treatment: A pilot study. The Arts
in Psychotherapy, 56, 30-44. doi: 10.1016/j.aip.2017.07.002

Stamou, V., Chatzoudi, T., Stamou, L., Romo L., and Graziani, P. (2016). Mu-
sic-assisted

systematic desensitization for the reduction of craving in response to drug-
conditioned cues: A pilot study. The Arts in Psychotherapy, 51, 36-45. doi:
10.1016/j.aip.2016.08.003

Stathopoulou, G. (2010). Gender, emotional intolerance, and mood-related
cravings for

substance use in treatment-seeking opiate-dependent patients (Doctoral dis-
sertation, Boston University).

Stefano, G. B., Zhu, W., Cadet, P,, Salamon, E., & Mantione, K. J. (2004). Mu-
sic alters constitutively expressed opiate and cytokine processes in listen-
ers. Medical Science Monitor, 10(6), 18-27.

Stimmel, B., & Kreek, M. J. (2000). Neurobiology of addictive behaviors and
its relationship to methadone maintenance. Mount Sinai Journal of Medi-
cine, 67(5-6), 375-380.

Sutoo, D., & Akiyama, K. (2004). Music improves dopaminergic neurotrans-
mission: Demonstration based on the effect of music on blood pressure
regulation. Brain Research, 1016(2), 255-262.

Swift, R. (2010). Medications acting on the dopaminergic system in the treat-



CAN MUSIC LISTENING FACILITATE REINSTATING BRAIN DOPAMINERGIC ACTIVITY | 137
IN SUBSTANCE-ADDICTED INDIVIDUALS? A THEORETICAL REVIEW

ment of alcoholic patients. Current Pharmaceutical Design, 16(19),
2136-2140.

Taylor, B. K., Joshi, C., & Uppal, H. (2003). Stimulation of dopamine D2
receptors in the nucleus accumbens inhibits inflammatory pain. Brain
Research, 987(2), 135-143.

Thanos, P. K., Volkow, N. D., Freimuth, P., Umegaki, H., Ikari, H., Roth,
G., . .. Hitzemann, R. (2001). Overexpression of dopamine D2 recep-
tors reduces alcohol self-administration. Journal of Neurochemistry,
78(5), 1094-1103.

The Oxford English Dictionary. (2010). (3rd ed.). Oxford, UK: Oxford
University Press.

Thorgaard, B., Henriksen, B. B., Pedersbaek, G., & Thomsen, 1. (2004).
Specially selected music in the cardiac laboratory - an important tool
for improvement of the wellbeing of patients. European Journal of Car-
diovascular Nursing, 3(1), 21-26. doi: 10.1016/j.ejcnurse.2003.10.001.

Tiffany, S. T. (1990). A cognitive model of drug urges and drug-use be-
havior: Role of automatic and nonautomatic processes. Psychological
Review, 97(2), 147-168.

Tiffany, S. T. (1999). Cognitive concepts of craving. Alcohol Research and
Health, 23(3), 215-224.

Tobler, P. N., Dickinson, A., & Schultz, W. (2003). Coding of predicted re-
ward omission by dopamine neurons in a conditioned inhibition para-
digm. The Journal of Neuroscience, 23(32), 10402-10410.

True, W. R., Heath, A. C., Scherrer, J. F, Xian, H., Lin, N, Eisen, S. A,, ..
. Tsuang, M. T. (1999). Interrelationship of genetic and environmental
influences on conduct disorder and alcohol and marijuana dependence
symptoms. American Journal of Medical Genetics, 88(4), 391-397.

True, W. R., Xian, H,, Scherrer, J. F., Madden, P. A., Bucholz, K. K., Heath,
A. C,, ... Tsuang, M. (1999). Common genetic vulnerability for nico-
tine and alcohol dependence in men. Archives of General Psychiatry,
56(7), 655-661.

Tsuang, M. T., Bar, J. L., Harley, R. M., & Lyons, M. J. (2001). The Harvard
twin study of substance abuse: What we have learned. Harvard Review
of Psychiatry, 9(6), 267-279.



138 | HANDBOOK OF BEST PRACTICES: MUSIC IN CREATIVE DETOXIFICATION AND REHABILITATION

Tsuang, M. T., Lyons, M. ], Eisen, S. A., Goldberg, J., True, W,, Lin, N, . . .
Eaves, L. (1996). Genetic influences on DSM-III-R drug abuse and depen-
dence: A study of 3,372 twin pairs. American Journal of Medical Genetics,
67(5), 473-477. doi: 10.1002/(SICT)1096-8628(19960920)67:5<473::AID-
AJMG6>3.0.CO;2-L.

Tsuang, M. T., Lyons, M. J., Meyer, J. M., Doyle, T., Eisen, S. A., Goldberg,
J., ... Eaves, L. (1998). Co-occurrence of abuse of different drugs in men:
The role of drug-specific and shared vulnerabilities. Archives of General
Psychiatry, 55(11), 967-972.

Tugade, M. M., & Fredrickson, B. L. (2004). Resilient individuals use positive
emotions to bounce back from negative emotional experiences. Journal of
Personality and Social Psychology, 86(2), 320-333.

Uhl, G. R. (1999). Molecular genetics of substance abuse vulnerability: A
current approach. Neuropsychopharmacology, 20(1), 3-9. doi: 10.1016/
S0893-133X(98)00061-X

Uhl, G. R, Liu, Q. R., & Naiman, D. (2002). Substance abuse vulnerability
loci: Converging genome scanning data. Trends in Genetics, 18(8), 420-
425.

United Nations Office on Drugs and Crime. (2012). World Drug Report. Vi-
enna: United Nations Office on Drugs and Crime.

van de Laar, M. C,, Licht, R., Franken, I. H., & Hendriks, V. M. (2004). Event-
related potentials indicate motivational relevance of cocaine cues in absti-
nent cocaine addicts. Psychopharmacology (Berl), 177(1-2), 121-129. doi:
10.1007/500213-004-1928-1.

Vanderschuren, L. J., & Everitt, B. J. (2005). Behavioral and neural mecha-
nisms of

compulsive drug seeking. European journal of pharmacology, 526(1-3), 77-
88.

Verdejo-Garcia, A., Lawrence, A. J., & Clark, L. (2008). Impulsivity as a vul-
nerability marker for substance-use disorders: Review of findings from
high-risk research, problem gamblers and genetic association studies.
Neuroscience and Biobehavioral Reviews 32(4), 777-810.

Verdejo-Garcia, A., Perez-Garcia, M., & Bechara, A. (2006). Emotion, de-
cision-making and substance dependence: A somatic-marker model of
addiction. Current Neuropharmacology, 4(1), 17-31.



CAN MUSIC LISTENING FACILITATE REINSTATING BRAIN DOPAMINERGIC ACTIVITY | 139
IN SUBSTANCE-ADDICTED INDIVIDUALS? A THEORETICAL REVIEW

Volkow, N. D., Chang, L., Wang, G. J., Fowler, ]J. S., Ding, Y. S., Sedler,
M., ... Pappas, N. (2001). Low level of brain dopamine D2 receptors
in methamphetamine abusers: Association with metabolism in the or-
bitofrontal cortex. The American Journal of Psychiatry, 158(12), 2015-
2021.

Volkow, N. D., Fowler, J. S., & Wang, G. J. (2004). The addicted human
brain viewed in the light of imaging studies: Brain circuits and treat-
ment strategies. Neuropharmacology, 47(1), 3-13. doi: 10.1016/j.neuro-
pharm.2004.07.019.

Volkow, N. D., Fowler, J. S., Wang, G. J., & Goldstein, R. Z. (2002). Role of
dopamine, the frontal cortex and memory circuits in drug addiction:
Insight from imaging studies. Neurobiology of Learning and Memory,
78(3), 610-624.

Volkow, N. D., Fowler, J. S., Wang, G. ]., Swanson, ]. M., & Telang, F. (2007).
Dopamine in drug abuse and addiction: Results of imaging studies and
treatment implications. Archives of Neurology, 64(11), 1575-1579. doi:
10.1001/archneur.64.11.1575.

Volkow, N. D., & Morales, M. (2015). The brain on drugs: From reward to
addiction. Cell, 162(4), 712-725. doi: 10.1016/j.cell.2015.07.046.

Volkow, N. D., Wang, G. J., Fischman, M. W,, Foltin, R. W., Fowler, J. S.,
Abumrad, N. N, ... Shea, C. E. (1997). Relationship between subjec-
tive effects of cocaine and dopamine transporter occupancy. Nature,
386(6627), 827-830.

Volkow, N. D., Wang, G. J., Fowler, ]. S., Logan, ]., Gatley, S. J., Hitzemann,
R., ... Pappas, N. (1997). Decreased striatal dopaminergic responsive-
ness in detoxified cocaine-dependent subjects. Nature, 386(6627), 830-
833. doi: 10.1038/386830a0.

Volkow, N. D., Wang, G. J., Fowler, J. S., Logan, J., Hitzemann, R., Ding, Y.
S., ... Piscani, K. (1996). Decreases in dopamine receptors but not in
dopamine transporters in alcoholics. Alcoholism: Clinical and Experi-
mental Research, 20(9), 1594-1598.

Volkow, N. D., Wang, G. J., Fowler, J. S., Tomasi, D., & Telang, F. (2011).
Addiction: Beyond dopamine reward circuitry. Proceedings of the Na-
tional Academy of Sciences of the United States of America, 108(37),
15037-15042. doi: 10.1073/pnas.1010654108.



140 | HANDBOOK OF BEST PRACTICES: MUSIC IN CREATIVE DETOXIFICATION AND REHABILITATION

Volkow, N. D., Wang, G. J., Telang, E, Fowler, J. S., Logan, J., Childress, A.
R., ... Wong, C. (2006). Cocaine cues and dopamine in dorsal striatum:
Mechanism of craving in cocaine addiction. The Journal of Neuroscience,
26(24), 6583-6588.

Wang, G. J., Volkow, N. D., Chang, L., Miller, E., Sedler, M., Hitzemann, R.,
... Fowler, J. S. (2004). Partial recovery of brain metabolism in metham-
phetamine abusers after protracted abstinence. The American Journal of
Psychiatry, 161(2), 242-248. doi: 10.1176/appi.ajp.161.2.242.

Wang, G. J., Volkow, N. D., Fowler, J. S., Cervany, P, Hitzemann, R. J., Pap-
pas, N. R, ... Felder, C. (1999). Regional brain metabolic activation dur-
ing craving elicited by recall of previous drug experiences. Life Sciences ,
64(9), 775-784.

Wassum, K. M., Ostlund, S. B., Loewinger, G. C., & Maidment, N. T. (2013).
Phasic mesolimbic dopamine release tracks reward seeking during ex-
pression of Pavlovian-to-instrumental transfer. Biological Psychiatry,
73(8), 747-755. doi: 10.1016/j.biopsych.2012.12.005.

Watkins, G. R. (1997). Music therapy: Proposed physiological mechanisms
and clinical implications. Clinical Nurse Specialist, 11(2), 43-50.

Weiss, E (2005). Neurobiology of craving, conditioned reward and re-
lapse. Current Opinion in Pharmacology, 5(1), 9-19. doi: 10.1016/j.
coph.2004.11.001.

Weiss, E,, Martin-Fardon, R., Ciccocioppo, R., Kerr, T. M., Smith, D. L., &
Ben-Shahar, O. (2001). Enduring resistance to extinction of cocaine-seek-
ing behavior induced by drug-related cues. Neuropsychopharmacology,
25(3), 361-372. doi: 10.1016/S0893-133X(01)00238-X.

West, R. (2005). Theory of Addiction. Oxford, UK: Blackwell Publishing.

Whalen, P. J., Rauch, S. L., Etcoff, N. L., McInerney, S. C., Lee, M. B, & Jen-
ike, M. A. (1998). Masked presentations of emotional facial expressions
modulate amygdala activity without explicit knowledge. The Journal of
Neuroscience, 18(1), 411-418.

White, W. (1996). Pathways from the Culture of Addiction to the Culture of
Recovery. Center City: Hazelden Publishers.

Wise, R. A. (2008). Dopamine and reward: The anhedonia hypothesis 30
years on. Neurotoxicity Research, 14(2-3), 169-183.

World Health Organisation. (2014). Global Status Report on Alcohol and



CAN MUSIC LISTENING FACILITATE REINSTATING BRAIN DOPAMINERGIC ACTIVITY | 141
IN SUBSTANCE-ADDICTED INDIVIDUALS? A THEORETICAL REVIEW

Health. Retrieved 12 March 2015 from http://apps.who.int/iris/bitstre
am/10665/112736/1/9789240692763_eng.pdf.

Zald, D. H. (2003). The human amygdala and the emotional evaluation of
sensory stimuli. Brain Research Reviews, 41(1), 88-123.

Zatorre, R. J., & Salimpoor, V. N. (2013). From perception to pleasure:
Music and its neural substrates. Proceedings of the National Academy of
Sciences of the United States of America, 110(2), 10430-10437.

Zhao, Y., Dayas, C. V., Aujla, H., Baptista, M. A., Martin-Fardon, R., &
Weiss, E. (2006). Activation of group II metabotropic glutamate re-
ceptors attenuates both stress and cue-induced ethanol-seeking and
modulates c-fos expression in the hippocampus and amygdala. The
Journal of Neuroscience, 26(39), 9967-9974. doi: 10.1523/JNEURO-
SCI.2384-06.2006.



