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Abstract 

Brain research revealed that pleasant music appreciation is processed in same brain reward 

areas as euphoriant drugs. This indicates a similarity in processing intensity of emotions in 

the brain. These insights shed a new light on how music and emotion are linked in the brain. 

However, patients, with a history of drug-induced euphoria, may experience a state-

dependent recall induced from certain individually perceived cues, which have been 

experienced together with drugs, as memory traces are stored as conditioned secondary 

rewards in drug memory. Music’s state-dependent cognition processes seem to be recalled 

(and thereby also the drug action) when listening to music without being under the 

influence. These learning processes have to be focused and transformed in therapy by 

offering new ways of learning to recognize, retrain and integrate state-specific emotional 

responses to preferred music to rebalance emotion and experiencing reward. 
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 The Rolling Stones released their LP Aftermath including the song ‘Mother’s Little Helper’ in 

the summer of 1966, a time when drugs became popular. Legal and illegal aspects of drug 

use where questioned from the youth’ counterculture 1. By singing about what happens at 

home and how easy it was to receive a GP’s prescription for sedatives, the lyrics pointed out 

the contradiction of existing, tolerated ways to maintain mother’s identity and functioning 

in society (... goes running for the shelter of her mother's little helper … And it helps her on 

her way, gets her through her busy day. (Jagger/Richards 1966), while at the same time 

mind-altering drugs were in disrepute but despite of this quite popular in the counterculture 
2,3.  

Every decade of debating drugs has produced differing strategies of how and why to treat 

those that are addicted 4. Some authors discuss psychotropic substance seeking as a human 

evolutionary adaptation behaviour 5 and that external stimulation of the brain reward 

system with plant toxins was important to stimulate its growth and separation from other 

species 6,7. Drugs are tools that humans have developed or discovered for various purposes 

and, like all tools, they can be used or misused 8. Using and misusing drugs is an old 

phenomenon and seems to be one of the anthropological constants of mankind like eating, 

drinking, sex, and war. It has always been a social problem that the misuse of drugs 

influences some people more than others. 

Social pharmacology is a discipline of pharmacology that focuses on the usage of drugs as 

consumption behaviour. These behaviours are observed and described in their social 

environments and are interpreted with pharmacological, sociological, and psychological 

methods. The aim of this approach is to understand or describe patterns of use and 

resulting risk behaviour 9-12. While an antidepressant maybe adequate for moderate or 

severe depression it may not be the right choice for the first episode of mild depression. 

However antidepressant prescriptions are on the rise 13 and once the proposed ‘chemical 

imbalances’ are treated with antidepressants, it “may reduce sense of self and soul into 

dopamine, serotonin, neurons, milligrams” 14. 

A strong argument against the use of any psychotropic substance including alcohol is that 

they may temporarily open up capacities for relaxation or agitation, they may help to focus 

or un-focus attention, in- or decrease distance to own emotions, etc., in short, they may 

show the individual what is possible if the hurdles are gone and point out what has not been 

recognized before 7. Already Baudelaire 15 described that the state experienced under the 

influence may suggest that this is not much different from moments of bliss in which all 

seemed to go well (without the pills) however, depending on the pharmacokinetic and-

dynamic of substance and habituation involved the danger arises to build one-self on 

slippery ground of a ‘medicated me’ and a “false sense of well-being” 14. Or as Eric Clapton 

described his perpetuation into addiction: 

„To begin with, drink is very baffling and cunning. It’s got a personality of its own. Part of the 

trap [of drugs and alcohol] is that they open the doors to unreleased channels or rooms you 

hadn’t explored before or allowed to be open. A lot of my creative things came out first of all 

through marijuana. I started smoking when I was about eighteen or nineteen, and that 

would let out a whole string of humorous things as well as music. Then drink allowed me to 

be very self-piteous and opened up that whole kind of sorrowful musical side of myself. 



Unfortunately after that, the booze becomes more important than the doors it’s opening, so 

that’s the trap“ Eric Clapton in Boyd 1992, p. 19916. 

Music, emotion and drug reward 

Music and drugs seem to go together and each change our emotions. Not only the manifold 

use and misuse of recreational drugs and alcohol in popular music culture has indicated this 
17-19; brain research shows that preferred, pleasing music is processed in same areas as 

recreational euphoriant substances 20, increasing cascades of dopaminergic interactions in 

cognition and reward systems 21,22. Intense musical emotions and intoxication appear to 

have forms of emotional processing in common, at least in regard to reward processing in 

the limbic system of the brain. 

In pleasure, desire, and lust, the dopamine system is active in a tonic and a phasic way. First, 

the tonic component of dopamine release in the prefrontal cortex of the brain regulates the 

readiness to react to stimuli. Second, there is an increase in dopamine release (phasic) when 

meaningful objects are in the focus of attention; the more dopamine is released, the higher 

is the personal meaning and valence of the object in focus. Dopamine’s action supports to 

feel and distinguish where and when to place attention, what in this particular moment is of 

personal importance and which current selection of perceptual and emotional content is 

consciously processed. All drugs of abuse increase dopamine release and therefore affect 

these two ways of dopaminergic functioning 23. As a result of unconscious sensory input 

changes under the influence of the drugs taken, a variety of possible neurotransmitter 

interactions will start to modulate the experience of pleasure. 

Music promotes positive mood states, including euphoria, and to enable emotional 

regulation 24. Music can provide a means for promoting positive mood states 25 and -with 

some caution on the choice of the musical material (see below)-, it may help against the risk 

of relapse that is associated with negative mood states 26. Psychoactive substances, as well 

as physical stimuli or behavioural patterns perceived as pleasurable, have reinforcing 

properties that can be ascribed to the neuronal reward system. The complex systems of 

neurotransmitters interacting with the nervous system to arouse euphoria are not yet 

satisfactorily understood. The reward system theory postulates that reaching pleasurable or 

euphoric states is the major goal of drug users and addicts; further, that emotional 

assessment of occurrences leads to the preference for states that are perceived as pleasant 

by the nervous system. Psychoactive drugs as well as specific behavioural patterns can 

activate the rewarding system and are therefore used to close the cycle of motivation-

search-fulfilment 27. Drug-induced positive moods and states of euphoria, listening to 

preferred music or other pleasing activities like eating, sex, or play is mediated through the 

brain reward system. Eating chocolate or a refreshing drink with some sugar, as well as 

various other activities, can also activate the reward system 28.  

The isomorph activation of pleasure induced by drug action and listening to music may give 

rise to the hope that music used therapeutically, stirring up the emotions of the individual 

client, may reduce medication prescribed for mental health issues, as music can take over or 

support desired drug effects. Music can be employed as an adjunct to anaesthetic 

medication 29,30 where sedatives are regularly administered before surgery to reduce 



patient’s anxiety. However, sedatives often have negative side effects (drowsiness, 

respiratory depression, etc.), and may interact with anaesthetic agents, prolonging patient 

recovery and discharge. Therefore, increased attention is being paid to music to reduce 

medication during 31 and anxiety before 32 surgery.  

Research on gambling addiction treatment shows that it is the habit and its specific reward 

functions 33 that fosters the addictive habituation and not necessarily a substance. Physio-

acoustic relaxation-induction and creative work on recall of addictive states and motivation 

helped to overcome gambling 34. Exposure to slow pulsations and monochrome sound 

induces a relaxation response shifting attention focus and altering consciousness 35,36. In a 

study with depressed clients comparing treatment with Indian ‘relaxation’ music or 

hypnotics the authors discussed that “the effects of music could be equivalent to 10 mg of 

Chlordiazepoxide or 7 mg of Diazepam” 37. 

Altering consciousness has been successfully employed in addiction treatment where, for 

example in drum circles, consciousness is altered in extended drumming inducing the 

pleasure of playing and trancing in a group, shifting attention away from the drug into 

experiencing a cohesive and mutual activity of musicking 38. Metzner described the 

relationship of addiction and dependence to the dynamics of consciousness in general and 

the alteration of consciousness in particular 39. In his model, addiction is represented by an 

extremely narrow, focused scope or even point of consciousness. In contrast, altered states 

of consciousness are time-limited states in which the patterns of thought, feeling, and mood 

of perception and sensation are altered from the ordinary baseline conditions. 

Drug memory and music related relapses 

However, addictive drugs do hijack the reward system by external flooding of the 

corresponding receptors in the synaptic cleft, creating a temporary unspecific reward shift 

and by habituation a desensitised reward response 40. Such addictive processes reflected on 

the endogenous level are not known so far in music appreciation but some caution has to be 

placed here. Recent findings in the neurobiology of addiction research using brain-imaging 

techniques provide insights into the development of addiction involving anatomic and 

functional connections between hippocampal and amygdala structures that modulate 

emotions and regulate affects, i.e. we are looking at state-specific learning and memory 

processes related to drug specific sensitization 41,42, and such processes  may also affect 

music-evoked emotions experienced under the influence of drugs. Treating addiction with 

music therapy may help clients to retrain and relearn the state-dependent recall of intense 

emotions experienced during intoxicated music appreciation 43. 

Pleasure, lust, and desire are essential evolutionary programs that guarantee reproduction 

and satiation and are mediated by the feeling that something we like has happened 44. 

Intense emotions connected to pleasure, lust, and desire connotates the valence and 

meaning of an experience and inform about the salience of an event being different from 

normal. Depending on the stimulus, we may develop an increasing desire to experience this 

intensity again. However, pleasure and desire are regulated in different ways. Pleasure is 

the state in which we feel satiated, happy, and well, and which is sought to happen. Desire, 

or lust, is the drive that brings us to this state but has a mechanism of its own. Although 



pleasure is mainly mediated by the dopamine system, a longing for satisfying experiences 

like the taste of chocolate remains even when dopamine release is inhibited.  

Drug Sensitization and Neuroplasticity 

When it comes to drugs, the separation of pleasure and desire is the trickiest trap for the 

consumers on their way from drug use to abuse. Addiction research has identified the two 

“culprits” for this process of drug sensitization. While dopamine levels rise after drug 

ingestion, a protein that serves as a nuclear transcription factor -abbreviated as CREB 

(stands for cAMP [cyclic adenosine monophosphate] response element-binding)- is 

released, and this leads to a reduced sensitivity of the reward system to the drug. Another 

transcription factor called DeltaFos-B then comes into action and acts like a drug memory 

concerning the amount of reward the drug has offered 45,46. This memory trace increases its 

somatic impact with the amount of drug use. As the CREB release is terminated after drug 

action, the DeltaFos-B activity and its corresponding information stays stable, inducing a 

memory trace that makes the consumer long again for that experience 44. 

However, this process of sensitization also happens with other rewarding pleasure 

experiences like sex or satiation after food. The context of drug use and the experiences of 

the rewards—the social setting and psychological state—contribute associations to the 

experience of both pleasure and dependence. The brains of cocaine addicts activate the 

same way when watching some else use coke as when they themselves use it; even just 

seeing the paraphernalia may stimulate the brain’s reward centers. Drugs act directly on the 

neurotransmitter systems of the brain; therefore, the remaining drug memory trace is very 

strong. Opioid and dopamine signal pathways bypass orbitofrontal control functions, and 

the memory traces induced by DeltaFos-B alert the pleasure-seeking system when cues 

associated with the drug experience are present 44. If this cue has become certain music or 

an associated lifestyle and arouses the person within a state-dependent recall 18,43, the 

desire or craving (the narrowed scope of searching for immediate satisfaction) starts again. 

State-specific recall 

‘State-dependent learning is a phenomenon in which the retrieval of newly acquired 

information is possible only if the subject is in the same sensory context and physiological 

state as during the encoding’ 47. State-dependent perceptual learning processes might 

resemble those occurring during therapy processes. The experience and perception of 

musical elements like rhythm, loudness and pitch is recalibrated and reframed under the 

influence of drugs 48. However, the music’s state-dependent cognition processes seem to be 

recalled (and thereby also the drug action) when listening to music without being under the 

influence. We know that Musicians like the Beatles used their own psychedelic experience 

to produce music that seems to be more appreciated under the influence (as for example 

their album Sgt Pepper’s Lonely hearts Club Band from 1967) because the composers had 

the experience of the perceptual change experienced in the altered state of drug action 48,49. 

We can imagine that once a client has experienced, and connected, a primary drug reward 

with cultural objects and lifestyle in popular culture, the cultural object associated with this 

lifestyle will be transformed into a secondary reward symbol. Thus, emotional cascades of 

state-related drug memory will be reactivated when certain cues are heard in the music, or 



during events in dance, and this may interfere with the aims of therapists. Such problems 

are not ‘in the music’, or the substance itself, but connected to the brain reward system, 

which is linked to perceptual learning and habituation of emotional states like euphoria, 

flow, joy or pleasantness 44.  

Patients, with a history of drug-induced euphoria, may experience a state-dependent recall 

induced from certain individually perceived cues, which have been experienced together 

with drugs, as memory traces are stored as conditioned secondary rewards in drug memory 
50. Research on the state-dependent effects of music on mood and behaviour refer to 

individual perceptual learning strategies and history under the influence of drug action 51,52.  

However, the connection of joyful experiences intensified by drug action is producing a 

strong memory account and craving for such situations might lead to an addiction. Hereby 

the addictive potential of different drugs and their specific pharmaco-kinetic and -dynamics 

has to be taken into account 53. These learning processes have to be focused and 

transformed in therapy by offering new ways of experiencing.  

Implications for music therapy 

We discussed one stream of current research that links the euphoria induced by drugs and 

also by music. Since Blood and Zatorre in 200120 have pointed out the underlying similarities 

between the pleasing effects of preferred music and euphoretic drug action, there have 

been several investigations from the music sciences into the corresponding brain 

mechanisms. For music therapists working with addicted clients, this research stream gives 

hope that there are isomorphic activities to its processing and music used in therapy may 

help to reframe the emotions focussing solely on the drug action.  

Different drugs and experience profiles 

However, when it comes to different drugs, we have to be aware that there are differing 

profiles to the drug action sought from clients. Social pharmacologists would describe the 

drug taking habits and the specific effects  that are sought from addicts, also describing the 

drug use of musicians and their audience  9,54,55 17. 

A common quality of all psychoactive drugs is that they alter the evaluation of sensory input 

and its conceptual comparison and assessment with known information 27. Heroin is both a 

euphoriant and a strong sedative,40 and increases an emotion that keeps the sensual world 

at a ‘cool’ distance. Opioids, the body’s own painkiller, diminish external input by 

dampening the bottom-up sensory transmission. Drugs with a relatively solid internal 

assessment (like Opioids are to a large extent independent from situational cues. These 

drugs have a hermetic or closed, context-independent and immediate effect on pain and 

tension while acting on the primary mesolimbic centers of assessment. They induce 

pleasurable states with the accordant reinforcement properties independent of contextual 

or situational cues. In contrast, drugs with a contextual bonding and assessment (like 

cannabis and hallucinogens) are more situational in their effect. Emotions and perceptions 

mediated by the hippocampal comparator systems modulate the drug effect much more 

than drugs with a solid internal assessment 7. 



How different drug actions relate to music perception cannot easily be generalised, and 

research into this field of the music sciences is still in its infancy. A systematic investigation 

into the meaning of music for drug addicts as investigated by Horesh56,57  and the effect of 

drugs on music perception and production48,58 would enrich the understanding of music, 

drugs and reward. Keith Richards, for example, used to call some of his guitar work relating 

to his time being a Heroin addict as ‘ there I am playing my junkie riffs’ 59. What this may 

mean in terms of the musical elements used is left open for further research. But as with 

Keith Richards and others that spiralled into addictions, drugs and music accompanied 

important and also difficult periods in their lives (see quote from Eric Clapton above). 

Therefore, any music experienced during such periods will relate to the autobiographical 

memory traces of the clients and their drug use experience. This is what many music 

therapists working with addicted clients know and many have to find ways around the 

client’s difficult responses to music. Nevertheless, what we need are more distinct 

descriptions of how music therapists did this and with which drugs and music the clients 

were struggling.  

Gaining awareness for music-related drug cues  

Since music readily impacts neural activity, special consideration is necessary when 

therapeutically using music with people with addictions. Individuals with addictions can 

experience a decrease in substance craving after listening to songs that they identify as 

helping them stay clean/sober and reduce negative emotions 60,61. But they may likewise 

experience an increase in substance craving after listening to songs that they identify with 

substance use62. A recent review 63 on the appreciation of sad music indicated that certain 

pieces of music, especially when they are representing the individual ‘grief-stricken sorrow’ 

of negative life-events, can be a threat to those repeatedly listening to them. Thus, we 

cannot simply expect that listening to sad music is just enjoying and romanticizing a 

‘comforting’ and ‘sweet sorrow’ feeling or a temporary cathartic tool to overcome 

rumination on sad life events. However, music therapists are trained to develop adequate 

empathic sensitivity and immediately sense the different forms of meaning revealed 

through individual music appreciation in order to work with this material in a responsible 

way.  Thus, gaining awareness of healthy and unhealthy uses of music 64, and considering 

how context impacts on how music is perceived 65 are important aspects of music therapy 

within addiction treatment. Furthermore, It seems that the personality trait reward 

sensitivity that underlies problematic substance use also underlies involvement in a range of 

music activities, and this link is mediated by emotional sensitivity to music and attentional 

absorption in music 66. However, Horesh demonstrated how musical cues and music-related 

relapses can be successfully addressed and reversed in music therapy. Patients learned to 

recognize, retrain and integrate state-specific emotional responses to preferred music, that 

could potentially trigger memories of their former drug use bearing cues to the former 

culture of addiction as part of their biography 56. Addictive processes narrow and recalibrate 

pathways and conscious choices for reward, but being involved in pleasing musical activities 

helps to reframe the narrowed focus of attention onto alternative opportunities of reward 

processing. Music therapy offers new strategies for retraining narrowed attention onto 

externally sought strong emotional processes. However, this implies that music therapist 

should reserve time to discuss with and find out about the music preferences of their 

addicted clients, facilitating their description of the music that they were enjoying under the 



influence. Nevertheless, given what we know about the strong memory account and 

mechanisms linked to the emotions experienced, one has to be cautious and conscious of 

the emotional impact that music can provide.  
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