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Abstract

Substance Use Disorders remain a costly and dangerous illness despite decades of focused research and a
sophisticated understanding of the mechanisms of acute and chronic use in the brain. It is clear that available
therapies have only partial efficacy and effort should be made to translate a growing neuroscience understanding to
improved therapeutic interventions. Compelling evidence suggests that the acute reinforcing effects of drugs of
abuse are due to increased dopamine release in the nucleus accumbens, a brain mechanism associated with the
processing of reward and saliency. But, with chronic drug use, select elements of striatal dopaminergic
neurotransmission (receptors, transports, enzymes) are down-regulated, rendering a hypodopaminergic state when
not augmented by drug use. This state contributes to drug craving, seeking, and ultimately relapse. Hence it is a
target for relapse prevention. Recently it has been confirmed that listening to highly pleasurable music can induce
not only a strong psychophysiologic response, but also dopamine release in the same neurocircuits as drugs of
abuse. Hypothetically this effect of music could have therapeutic potential as an inducer of dopamine release that
might ameliorate the hypodopaminergic state of the abstinent addict as a form of agonist substitution. However, a
thorough review of the literature found no clinical trials assessing this potential therapeutic effect. Obstacles for
consideration in such a trial are also discussed.
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Conceptualized broadly, Substance Use Disorder (SUD) is an
acquired disorder in which chronic exposure to a drug of abuse yields
neuroadaptive changes that lead to the loss of control over use [2].
Substance use disorders often follow a relapsing and remitting course
associated with pain and suffering for the patient, the patient’s family,
and the treatment team. The loss of control and this course are both a
consequence of the neuroadaptive changes brought about by chronic
drug use.

Introduction

“At night, I would take two strips of Benzedrine and go out to a bar
where I sat right by the jukebox. When you're sick [from opiate
withdrawal], music is a great help. Once, in Texas, I kicked a habit on
weed, a pint of paregoric and a few Louis Armstrong records” [1].

Addiction medicine is in desperate need of additional effective

therapies. The purpose of this article is to propose the use of moving Drug craving, though difficult to define, generally refers to an

music, an example of individual aesthetic preference, as an
intervention for drug craving. We will attempt to demonstrate that this
proposal, while unconventional, is based on rational inference about
the mechanisms of drug addiction and aesthetic experience. To do so
we will first review the state of understanding of the mechanisms of
drug addiction as it involves the brain mesolimbic reward system. This
will be paralleled with an exploration of the brain anatomy,
neurocircuitry, and neurochemistry involved in listening to
aesthetically moving music. Via this parallel, an implication is made
for the therapeutic use of music in addiction. The result of a
comprehensive literature search is outlined to highlight the lack of
existing clinical evidence for this idea. Hence, the theoretical
intervention needs experimental confirmation. But, if confirmed, it
could serve as the basis for the expanded search for other methods of
non-pharmacological endogenous neurotransmitter modulation as
interventions for addiction.

intense desire to use drugs. This subjective sensation and drive state is
often distressing for addicted individuals and contributes to loss of
control over their drug use. Research has demonstrated that episodes
of craving are a principal factor in relapse to drug seeking and taking
behaviors [3,4]. The mechanisms of craving are heterogeneous,
multifaceted, and not fully understood. While psychological and social
components contribute prominently, we will focus our review on
determinants of craving that correlate with biological changes in the
brain after acute and then chronic drug use.

Converging evidence from animal and human studies provides a
well-developed characterization of the addiction process including the
brain mechanisms of acute drug intoxication, the neuroadaptive
changes that occur with chronic administration, and the sequelae of
these changes during subsequent abstinence. While there is growing
evidence of the multiple mechanisms involved, the role of the brain
mesolimbic reward system is the best characterized and most relevant
to the focus of this paper. It consists of an interacting network of
dopaminergic, GABA-ergic, and glutamatergic neuronal systems in
the midbrain, basal ganglia, limbic system, and cerebral cortex.
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Activation of the system leads to excitation of midbrain ventral
tegmental area (VTA) neurons with resultant release of dopamine in
VTA projection fields including the nucleus accumbens (NAc) as well
as amygdala, hippocampus, and medial prefrontal cortex (mPFC) [5].
Inhibitory feedback is largely GABA-ergic while glutamate innervation
from the prefrontal cortex is the primary excitatory input [6].

In both rats and humans, the mesolimbic system is activated by
naturalistic, evolutionarily adaptive reward stimuli such as food and
sex [7-9]. That such a response system is conserved in animal and man
alike is not surprising for this phylogenetically ancient brain circuitry
and evolutionarily adaptive stimuli. But, in humans there is evidence
that less directly adaptive stimuli such as love, money, beauty, and
even music activate these same circuits, suggesting a more evolved role
in detecting stimulus salience and in coding aesthetic preference
[10-12].

The dopamine pathway of the mesolimbic system, especially the
efferents from the VTA to the NAg, is also a final common pathway
for the reinforcing effects of all drugs of abuse [13]. There are various
molecular mechanisms by which drugs of abuse accomplish this [14],
and sometimes profound differences in respective addiction
syndromes. Beyond the differences in withdrawal symptoms, other
behavioral disparities arise secondary to the respective neuroplastic
changes. For example, in heroin addicts, conditioned drug cues can
produce a drug-opposite or withdrawal-like response [15] while drug
cues in cocaine addicts produce craving, limbic activation [16] and
dopamine release. In the end however, all drugs of abuse lead to
increases of extracellular dopamine in the NAc [13]. Most of them
(such as ethanol, morphine, nicotine, and cannabinoids) ultimately do
so by increasing spontaneous activity of the VTA dopamine neurons
via their respective pharmacodynamic pathways [17-19].

Acutely, extracellular dopamine increases in the striatum caused by
drugs of abuse are associated with subjective feelings of “high” or
euphoria [20]. The euphoric effects of most drugs correlate with the
magnitude of dopamine increase they induce in the striatum [21-23].
This sensation is associated only with temporally fast dopamine
increases, not slow [24]. It is thought that the fast dopamine increase
secondary to drug exposure likely mimics the phasic dopamine firing
that normally signals stimulus saliency [25].

The functional attributes of dopamine neurotransmission in the
NAc are various and debated. Some theorists cite evidence that the
role of midbrain dopamine cell firing is primarily for learning and
prediction feedback [26]. Others cite evidence for incentive salience as
the primary role [27,28]. And, at least one study suggests that subtypes
of dopamine neurons might correspond to each function respectively,
thus supporting both theories [29].

What is more generally agreed upon is that drugs of abuse act on
the dopamine reward system for durations and in intensities beyond
endogenous norms, causing long term changes in dopaminergic
neurons and the circuitry in which they are involved, contributing to
pathological incentive motivation for drug use and a loss of control
over use [30]. When drug exposure is chronic, homeostatic setpoints
are altered [31]. That is, chronic drug use leads to maladaptive, long-
lasting changes to the dopaminergic reward system in response to its
supraphysiological activation.

For 30 years, theorists have postulated that neuroadaptive changes
that occur during chronic drug use render a hypodopaminergic state
in the absence of exogenous stimulation [32]. Subsequent human PET
imaging studies have extensively documented the hypo dopaminergic

state in the striatum of detoxified drug users. There is reduced
dopamine release after a drug stimulus in detoxified cocaine [33] and
alcohol addicts [34], reduced D2 receptors in detoxified cocaine [35]
and alcohol addicts [36], reduced dopamine and vesicular monoamine
transporters in detoxified methamphetamine addicts [37], and
decreased dopamine synthesis via DOPA decarboxylase in detoxified
cocaine addicts [38]. For a thorough review of these human molecular
imaging findings see Volkow et al. [39].

With these changes to mesostriatal dopamine systems come
subjective and behavioral sequelae that are strongly linked with drug
craving and return to use. Abstinence after chronic drug use is
associated with a negative emotional state characterized by dysphoria,
anxiety, and irritability that persists beyond withdrawal [2,40]. It is
hypothesized that the dopamine-deficient state contributes to this
phenomenon [32-34]. Return to drug use relieves the dysphoric state,
a mechanism of negative reinforcement that serves as a powerful
behavioral component of craving and relapse.

Paradoxically, in the hypodopaminergic state resulting from
chronic drug use, continued use no longer brings the feeling of
euphoria it did to the naive user. Detoxified cocaine addicts reported
less euphoria following psychostimulant dosing than did non-drug-
using controls [33]. Yet, it is hypothesized that this hypodopaminergic
state leads to increased incentive motivation for the abused drug, but
decreased motivation for nondrug-related stimuli [41]. When cocaine
and nicotine addicted subjects are exposed to conditioned drug cue
stimuli, there was a robust increase in dopamine in the dorsal striatum
compared to neutral cues, and this increase correlated with craving
[42,43]. But, animals in amphetamine withdrawal showed decreased
hedonic responses to a sweet-tasting stimulus [44]. It is postulated that
in the addicted subject, for whom the dopamine response to a drug cue
is more robust but the dopamine response from the actual drug is
diminished, further drug use is promoted in spite of its diminished
reward effect [45].

In the dopamine deficient state, administration of a dopaminergic
agonist can cause craving, but in a rate-dependent fashion. If induced
dopamine increase is slow, for example with oral administration of
methylphenidate, drug craving is not induced. But, if intravenous
methylphenidate is administered, with subsequent fast dopamine
increase, intense craving is induced [46]. This could theoretically
underlie prevalent binge type drug use behaviors where dopamine
surges in compromised dopaminergic reward systems cause further
craving, reinforcing drug use behaviors. But it also introduces the
treatment-congruent possibility of a slow-acting dopaminergic
mechanism that relieves the hypodopaminergic state without inducing
further drug craving.

The prefrontal cortex, a source of glutamatergic efferents to the
NAg, seems to play an important role in drug craving via local changes
in neural activity as well as the efferent modulation of midbrain
dopaminergic circuitry. Intravenous methylphenidate activates the
orbital and medial prefrontal cortices, associated with salience
attribution, motivation, and cocaine craving [47]. In abstinent
smokers, orbitofrontal and cingulate cortex activity are triggered by
conditioned smoking cues that predict reward and trigger craving [43];
these prefrontal areas also regulate striatal dopamine cell firing and
release [48]. Hence drug use-associated and drug cue-associated
dopamine increases are likely the result of prefrontal glutamatergic
activation of striatal cells.
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There is growing evidence that longitudinally the addiction process
usurps the learning mechanism of the brain, and the phases of
addiction parallel the stages of learning, with each stage having specific
brain circuitry and neurotransmitter involvement [6]. Though a
complete review is beyond the scope of this paper, a brief overview is
warranted. As already noted, the acutely rewarding aspects of drugs
are largely mediated by mesocorticolimbic dopamine. This same
mechanism is integral to new learning, presumably by attributing
salience to the event, and studies have demonstrated decreased
learning when dopamine transmission is limited [6].

But as drug use continues and addiction progresses, neuroplastic
changes occur that down-regulate the role of mesolimbic dopamine
(discussed above) and shift the focus to facilitate execution of a
behavioral response [49]. Glutamate transmission from the cortex into
the striatum, including the NAc, is critical for executing learned
behavior [50] and the integration of declarative memories [6].

With even more chronic use, drug-seeking behavior progresses
from declarative to compulsive - from a verbal, conscious decision to a
more habitual, automatic one [51]. Neurofunctionally this transition is
thought to parallel a decreased importance of the glutamatergic
projections from the cortex to the NAc and an increased importance
of glutamatergic projections from the sensory cortical areas to the
dorsal striatum, generator of motor patterns and procedural memories
of unconscious behaviors [52].

In non-addicted learning, the prefrontal, executive circuitry can
intrude on a behavior by regulating the value of a reward if the
importance of the stimulus or context changes such that the behavior
is no longer adaptive. But, in addiction, impairment of prefrontal
function makes intercession of executive function on drug-seeking
much more difficult [34,50].

While chronic drug users show less dopamine system reactivity to
drug use than drug-naive individuals, they demonstrate an enhanced
sensitivity to conditioned drug cues [43]. This phenomenon has been
attributed to the long term potentiation (LTP) of excitatory
glutamatergic circuits, as a molecular mechanism of addiction learning
and memory. It has been shown that even a single exposure to
psychostimulants induces LTP of excitatory neurotransmission of
dopamine neurons [53] and, in another study, LTP persisted after 3
months of abstinence in rats that self-administered cocaine [54]. There
is evidence that this LTP elicited in addiction is mediated by brain-
derived neurotrophic factor (BDNF) [55]. Chronic exposure to drugs
of abuse correlates with both LTP of excitatory synapses (both
glutamate- and AMPA-mediated) and reduced concentration of
glutamate in the prefrontal cortex [6]. This combination results in a
state of heightened reactivity to drug cue-induced glutamate release
which may play a role in promoting drug seeking behaviors [56].

Given this understanding of the central role of altered dopamine
neurotransmission, particularly within the mesolimbic dopamine
system, in the acute and chronic effects of drugs of abuse, it would
follow that modulation of this neurotransmitter system might be
useful in the treatment of SUD. To this end there have been several
studies of pharmacological dopaminergic modulation via agonists,
antagonists, and partial agonists.

In hopes of blocking the dopaminergic reward related to alcohol
ingestion, several studies have examined the effect of dopamine
receptor antagonists on acute alcohol craving and consumption
behaviors in active alcoholics. Pretreatment with haloperidol
significantly reduced alcohol craving and the amount ingested [57],

and olanzapine pretreatment reduced the urge for and consumption of
alcohol after conditioned alcohol use cues or following a priming dose,
but did not affect the subjective feeling of euphoria [58].

The same rationale of blockade of dopamine-mediated drug
reinforcement has also been studied in attempts to promote drug
abstinence. Tiapride, an atypical D2 receptor antagonist, reduced
alcohol consumption and improved abstinence in detoxed alcohol-
dependent participants [59]. Quetiapine improved alcohol abstinence
over a 2-7 month period in alcohol-dependent participants with
comorbid affective disorder [60], as did clozapine at 6 months or
longer with comorbid schizophrenia [61]. Aripiprazole, a dopamine
receptor partial agonist, was shown to attenuate the ventral striatal
response to alcohol cues [62], but had mixed results in a pair of clinical
studies of the promotion of abstinence from alcohol [63,64]. These
collective findings provide empirical support for the possible
therapeutic use of dopamine system modulation in preventing relapse
in drug-dependent individuals.

With the demonstration of brain dopaminergic deficit associated
with chronic drug abuse, it would follow that dopamine agonism
might be effective therapy [65]. Early preliminary studies found
promising results with bromocriptine, a dopamine receptor agonist, in
the ability to significantly reduce drug craving in detoxed cocaine
addicts [66] and alcoholics [67]. But, a confirmatory study with a long-
acting formulation of bromocriptine found no difference in relapse
rates between treatment and placebo groups, though it did not collect
information on craving [68]. A Cochrane review published in 2010
assessed the data from 23 studies on seven different dopamine agonists
for the treatment of cocaine addiction concluded that while one of the
agents, amantadine, did show some promise, none of the agonists had
clear statistically significant advantage over placebo [69]. A limiting
aspect of all dopamine agonist and antagonist therapies discussed were
the side effects secondary to systemic administration. Also, such
medication approaches lack selectivity for those dopamine systems
affected by the addiction process as well as state-dependency.

To the extent that addiction is related to a brain hypodopaminergic
state secondary to chronic, intermittent drug use, disproportionately
affecting the mesolimbic system, a compelling argument could be
made for interventions that activate this system as a form of agonist
substitution therapy. This would include the very successful opioid
agonist therapies [70] and nicotine replacement therapies [71] among
such dopamine-targeted approaches. The following makes the case for
aesthetically-preferred stimuli as a form of individualized reinforcer
substitution that acts by activating mesolimbic dopamine
neurotransmission to reduce relapse in drug-addicted persons.

Music as an Aesthetic Preference

As mentioned above, the mesolimbic dopamine system is activated
by naturalistic, adaptive stimuli such as food and sex [8,9], and in
humans more abstract stimuli such as love [10], money [11], and, as
we will see, beauty. Pleasing or moving aesthetic stimuli such as music,
which serve even less directly adaptive function, nonetheless engender
strong subjective hedonic experience suggestive of increased incentive
salience and approach behavior.

To aid in discussion of this topic, it would first be helpful to outline
some general concepts related to the phenomenon of aesthetic
experience, of which moving music is but one example. Borrowing
from Kant, one can derive a working definition of an aesthetic
experience as an emotionally impactful experience induced by external
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sensory stimulation that is not predicated on an evolutionarily
adaptive gain [72]. Leder proposed a psychological model of aesthetic
experience where the art stimulus, preclassified by context and the
affective state of the viewer, is processed both automatically via formal
elements and deliberatively via cognitive aspects, and the output of
this processing is two-part: an aesthetic judgment of the piece and an
aesthetic emotion [73].

Neuroimaging studies have largely substantiated this model while
delineating the neural processing correlates of human aesthetic
experience. Aesthetic preference processing involves the cerebral
cortex, especially prefrontal cortex [74-76]. Imaging studies have
repeatedly shown orbitofrontal cortex activation during aesthetic
preference formation tasks for both visual and musical stimuli [75,77].
Preference choice and perception of pleasantness are formed, revised,
and represented in the medial orbitofrontal cortex (mOFC) an area of
neural integration for diverse sensory stimuli [78]. It is theorized that
the human brain’s phylogenetically expanded prefrontal cortex and
cortical projections to the mesolimbic dopamine system allow for such
abstract conceptualizations to be rewarding.

The emotional impact of the aesthetic experience correlates with
activation of the limbic structures and cingulate gyrus when
experiencing highly pleasing aesthetic stimuli. Further, there is a
strong correlation between the intensity of musical pleasure and
sympathetic arousal while listening [79]. But, perhaps even more
striking is the revelation that aesthetic stimuli can activate the
mesolimbic reward circuits of the brain, first demonstrated as ventral
striatal activation while listening to highly pleasurable music [12].

Music is the most studied of all aesthetic stimuli, and there is good
reason for it. Every known culture, current or historical, has music
[80]. It seems that as long as there has been man, there has been music
- a claim supported by the discovery of a vulture bone flute crafted
along the Danube 42,000 years ago [81]. Appreciation of its
therapeutic potential is also ancient. The oldest extant medical text, the
Kahun Papyrus of Egypt dating from 1825 BCE, makes reference to
the use of song in healing [82]. Some cite Pythagoras, 6th century BCE,
as the father of “musical medicine” for his belief that specific tones and
harmonies had healing powers [83]. Western philosophers from
Aristotle to Nietzsche have examined man’s experience of music and
its impact on health [84]. Plato, for instance, observed that some
rhythms and harmonies induced in man idleness and relaxation while
others engendered courage and violence [85]. During the last century,
the healing uses of music became formalized as Music Therapy.

Modern brain imaging techniques have elucidated the functional
neuroanatomy of the musical experience. Many studies have focused
on how music is processed acoustically and cognitively [86]. Others
have attempted to understand how music, the most abstract art form,
is able to modulate emotion and create such pleasing experiences [87].

Integral to these explorations has been the phenomenon familiar to
most music listeners called a “frisson” or “chill”: the sensation of goose
bumps or hairs rising on the neck when listening to a particularly
moving piece of music. This feeling, pleasant while listening to music
but unpleasant in fearful situations, is more generally an indicator of
profound autonomic nervous system activation [12] and correlates
with psychophysiological findings. There are roughly linear
correlations between progressive pleasure level as reported by
participants and their respective skin conductance, blood volume
pulse, heart rate, temperature, and respiratory rate while listening [79].
The chills reaction is not universal; one study found that between

10-38% of participants had not experienced any chills reaction in the
previous five years [88]. But, it lends itself to study because it is an
objective physical sign of a subjective personal experience.

The chills reaction most strongly correlates with perceived
pleasantness of the music piece [89]. Certain musical and acoustical
characteristics are most strongly correlated to chills, chief among them
the entry of a new instrument or voice, a change in volume, a contrast
in voice, or a new harmony [89]. Different listeners might react to
different parts of a piece, but the same person tends to react to the
same sections on repeated exposures. While there is no evidence for
the extinction of the phenomenon in general, there is evidence of
reduced chills response upon repeated exposures to the same music
stimulus [89]. Personality and personal experience strongly correlates
with chills - most strongly correlated with non-sensation-seeking and
non-thrill-seeking on the SSS-V [89], openness to experience on Five-
Factor personality analysis, self-reports of importance of music, time
spent listening to music, and ability to play an instrument [90].

A watershed study used PET imaging to measure cerebral blood
flow of musicians listening to musical pieces that consistently
produced chills upon listening. This study confirmed that listening to
these highly pleasurable pieces was associated with activation of the
ventral striatum, amygdala, orbitofrontal cortex, and ventromedial
prefrontal cortex, for the first time definitively linking the experience
of highly pleasurable music to the same reward circuits of the brain
activated by food, sex, and drugs of abuse [12]. Subsequent studies also
confirmed this response to unfamiliar but highly pleasurable music
[91]. With the increased spatial and temporal resolution of fMRI,
further studies confirmed not only specific activation of NAc, VTA,
hypothalamus, and insula, but also used effective connectivity analysis
to infer strong causal correlation between NAc and VTA activation,
highly suggestive of activation of the mesolimbic dopamine system in
response to aesthetically pleasing music [92]. The effect seems to be
dose-dependent in that the more pleasurable the music, the more
striatal activation was observed [93]. A PET study using a radiolabelled
D2 receptor antagonist ([11C] raclopride) that indirectly maps brain
regional dopamine release via radioligand binding competition found
that indeed dopamine is released in the ventral striatum during peak
emotional arousal associated with the aesthetic experience of music
[93]. Hence, through neuroanatomic inference, and then direct
confirmation by in vivo molecular neuroimaging, it is shown that the
experience of highly pleasurable music directly modulates the
mesolimbic dopamine reward system.

Clinical Evidence Supporting Music-based Therapies

Clinical studies have demonstrated the efficacy of music
interventions in ameliorating pain [94] and stress [95]. Mental health
disorders such as dementia, depression, psychosis, and autism have
also shown positive response to music interventions [96-99]. Given the
strong parallels between the brain mechanisms of SUD and aesthetic
musical experience, one wonders what interaction the two would have
on each other. A literature review was undertaken to collect the extant
clinical data.

The online databases MEDLINE and PsychINFO were searched
from 1967 to September 1, 2014 for the terms “music” or “music
therapy” and all the expanded subheadings of “substance-related
disorders” in the title, subject headings, or abstracts. This query was
limited to those written in English and involving human subjects. Of
the results, only four involved listening to music and measured an
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outcome related to substance use treatment. To augment these results,
the bibliographies of these articles where reviewed for relevant studies,
finding five additional articles. Of these nine studies, six assessed the
efficacy of music as an augmenting agent for existing behavioral
therapy modalities for substance use disorder, measured through
change in the client’s enjoyment and perceived efficacy [100],
attendance of group sessions [101], participation in group therapy
[102], motivation in program [103], facilitation of emotional
expression during therapy [104], and reported readiness to change
[105]. Two studies examined the effect of music on secondary
psychiatric signs and symptoms such as depression, anxiety, and
relationship problems [106] and depression, stress, anxiety, and anger
[107] in the SUD population. Strikingly, all eight of these studies
found that music yielded a positive effect on the studied outcome.

Two studies considered music and drug craving. The first used
music to induce a negative emotion in participants, finding that it
exacerbated craving for nicotine among those in early abstinence, most
profoundly so in women [108]. The second used drug-associated rock
music paired with a film documentary discussing the band members’
successful recoveries from their addiction. This intervention was
found to have a significant positive impact on readiness to change (as
noted above) but no statistically significant effect on drug craving
[105]. To date, no clinical study found in this literature search has
directly examined the effect of listening to personally-selected moving
music on the frequency or intensity of experiences of drug craving
associated with addiction.

Discussion

The goal of this review and synthesis was to make the theoretical
case for the use of aesthetic experience as an intervention for drug
craving in drug-addicted individuals based on our understanding of
their shared brain functional and molecular mechanisms. The
discussion of these mechanisms was largely limited to their common
features to help make a focused argument, and was not an exhaustive
review. As confirmed via literature review, the proposal is theoretical
at this point with minimal to no empirical support of clinical efficacy.
Also, there are several points of discussion that may serve as
theoretical challenges to such an intervention.

First, and perhaps most daunting, is that craving is a complicated
and heterogeneous phenomenon with at least three different etiologies
(drug-induced, cue-induced, stress-induced) each with their respective
neurofunctional correlates [2]. Though it is unknown how an aesthetic
experience affects each of these types of induced craving, it is
hypothesized that it would work best for drug-induced craving as it is
the most directly dopamine-dependent [2]. Conversely, there is a
danger that aesthetic experiences such as music might worsen cue-
induced craving as music itself is sometimes a central component of
conditioned associations to patterns of drug use, either in content or
mnemonic association. Alternatively, it is conceivable that music’s
ability to modulate stress (i.e. relax) could soothe stress-induced
craving. But, listening to emotionally moving versus merely relaxing
music is a subjectively different phenomenon with opposite
physiological responses [79].

Another theoretical hurtle to efficacy is the negative effect chronic
use and the subsequent hypodopaminergic state has on reinforcer
saliency and hedonic responding. Drug addicts are highly motivated to
seek their drug of abuse - the drug has high incentive saliency - but
can be otherwise apathetic to non-drug rewards or activities [45].

Prefrontal activation in response to a sexual stimulus was significantly
impaired in cocaine addicts compared to controls [109]. These effects
of addiction on drug and non-drug reinforcers could potentially limit
the efficacy of a non-drug stimulus such as music.

There are also a number of concrete practical obstacles facing a
clinical trial evaluation of this proposed intervention. First and
foremost would be inducing and then confirming an aesthetic musical
experience has occurred. Though music is culturally universal, not
everyone enjoys or is moved by it. And, as noted above, a significant
percentage of people do not experience chills reactions to music [88].
An ecologically valid study cohort would need to be selected
independent of music enjoyment factors, though information about
participant’s musical experience, preference, and historical chills
responses would be crucial for control comparison. Since the
rewarding effect of music is causally linked with the listener’s pleasure,
and not to any abstract quality of the music itself, emphasis must
necessarily be placed on maximizing the pleasurableness of the
samples. Given the extreme subjectivity of personal preference,
participant-selected music, known to be pleasurable to the participant
and ideally having induced chills in the past, is imperative to maximize
the likelihood of being personally moving and eliciting the desired
phenomenon. This unfortunately introduces variability of music
tempo, emotional valence, etc., that might have influence on the
outcome of the study, but seems a necessary concession in order to
maximize participant pleasure.

Confirming pleasurableness and that a chills response has occurred
is another practical hurdle. Participant report of a subjective
phenomenon is problematic in that it lacks an absolute scale, is
difficult to verify, and is difficult to confirm inter- and intra-reporter
reliability. Functional neuroimaging of all study participants is
logistically unwieldy. Luckily, existing studies have already established
that the subjective sensation of chills in the setting of music listening
correlates with activation of the mesolimbic dopamine system [92] and
that patient report could serve as a reliable confirmation of an
aesthetic musical experience. Further, there seems to be a dose-
dependent aspect to this effect in as much as the higher the reported
level of pleasure (reported as intensity of chill), the more change in
dopamine binding in the NAc [93]. Alternatively, as noted above,
there are reliable psychophysiological markers of emotional arousal
during pleasurable music listening, and such physiological metrics —
skin conductance, blood volume pulse, heart rate, temperature, and
respiratory rate — could be used to confirm patient report of pleasure
[79].

Given the proposed mechanism of this intervention- endogenous
dopamine modulation to relieve a hypodopaminergic state — in order
to control for the dopaminergic effects of music, one would want to
minimize the influence of other dopaminergic agents, both
pharmacological and illicit. It is unclear at this point what role
aesthetic interventions might play in addiction treatment. If the
intervention is proven effective clinically, then aesthetically moving
music might be added to the gamut of treatments used against the
complex disease of addiction, alongside pharmacological, therapy-
based, and peer support interventions. It is not known how music
interacts with these other options, with the exception of opioid
antagonists. An early study reported that naloxone, an opioid
antagonist, blocked chill induction from music [110]. It is not yet
known how naltrexone, an oral opioid antagonist frequently used to
help with cravings in alcohol use disorder, would interact with the
aesthetic musical experience.
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Addiction involves long-term neuroplastic changes to the brain and
the current mechanistic understanding of the aesthetic experience
does not yield clear hypotheses on what effect music might have on
these long-term changes. But, if a music intervention can ameliorate
craving in the short term, prolonging abstinence, it might contribute
to longer-lasting recovery. Given the attenuated nature of addiction
recovery, it would be important to monitor for long-term usage and
effect in naturalistic settings.

A prominent omission from the current discussion is what effect
genetic variation has on the mechanisms of both addiction and
aesthetic experience. There is ongoing work in this area, with several
prominent hypotheses mostly focused on variations in genes encoding
opioid and dopamine receptors. But, there is not yet a clear, uniting
model and a great deal of work is needed before we have a clear
understanding of these relationships.

Still unresolved is how the disparate phenomena aesthetic
experience and drugs of abuse, as reinforcers, are mechanistically
connected at the neural network level. Broadly, the mechanisms of
addiction start with dopaminergic activation of the ventral striatum
with subsequent downstream effects. Evidence suggests a distinct
pathway for the aesthetic experience, starting in the prefrontal areas
where sensory integration, salience attribution, and preference
representation turn a very abstract stimulus into a rewarding
experience. A hypothetical mechanism connects these two: prefrontal
activation from a preferred aesthetic stimulus causes VTA excitation
via glutamate efferents, leading to dopamine release on the NAc and
subsequent attribution of reward. This model requires further
clarification.

As mentioned above, an interesting early study demonstrated that
naloxone, an opioid receptor antagonist, seemed to block the
induction of chills from music [110]. This study was not without its
flaws, most notably a very small N of 3, but does support a role for
endogenous opioids in aesthetic experiences. It has been demonstrated
that opioids in the NAc, not dopamine, are most essential to the
evolutionarily ancient hedonic response to sweet stimuli common to
both rats and humans [111]. Moreover, music has been demonstrated
to relieve pain in cancer patients and postoperative surgical patients
[112,113]. However, the role of opioid mechanisms in the experience
of music remains unknown.

Conclusion

In summary, we have reviewed the role of dopamine mechanisms in
drug reinforcement, the subsequent hypodopaminergic state that
comes from chronic drug use, and the experiential and behavioral
sequelae of this state that contribute to discomfort, craving, and
relapse during abstinence. A review of the dopaminergic
pharmacological interventions for SUDs indicated promising but
mixed support, owing in no small part to side effects and the non-
selective influence of systemic, exogenous drug administration. A
review of the neuroscience of the aesthetic experience of music
revealed strong and conserved frontal cortex and ventral striatum
activation and specific PET support of music-induced dopamine
release in the NAc. However, a further literature review found no
existing clinical evidence directly evaluating the effect of music on
SUD generally or craving specifically.

While our understanding of the neuromechanics of addiction has
grown in leaps and bounds, our available treatment approaches are
wanting. New therapeutic interventions have focused on

pharmacotherapies, the efficacies of which are partial at best. It might
be that pharmacotherapies administered systemically act too broadly
and non-specifically. By rationally modulating the specific
neurotransmitter systems involved in addiction, it might be that we
can improve the efficacy of our therapies. Moving music is only one
example of using external stimuli or interventions to modulate
endogenous neurotransmission targeted by addiction. One could
imagine a similar mechanism behind exercise, behavioral activation,
cognitive therapies, mindfulness and meditation to name a few.
Further, if this intervention were found useful, it would suggest
potential use for other dopamine-driven addiction pathologies such as
overeating, gaming addiction, and gambling addiction [114].
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