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Abstract Substance use disorders (SUD) represent a significant public health issue
with a high need for novel and efficacious treatment options. In light of this high
unmet need, recent results reporting beneficial outcomes of psychedelic-assisted
therapy in SUD are particularly relevant. However, several questions remain with

Nathalie M. Rieser, Marcus Herdener, and Katrin H. Preller contributed equally to this work.

N. M. Rieser (*) and K. H. Preller
Pharmaco-Neuroimaging and Cognitive-Emotional Processing, Department of Psychiatry,
Psychotherapy and Psychosomatics, University of Zurich, Psychiatric University Hospital
Zurich, Zurich, Switzerland
e-mail: nathalie.rieser@bli.uzh.ch

M. Herdener
Center for Addictive Disorders, Department of Psychiatry, Psychotherapy and Psychosomatics,
University of Zurich, Psychiatric University Hospital Zurich, Zurich, Switzerland

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2021
Curr Topics Behav Neurosci (2022) 56: 187–212
https://doi.org/10.1007/7854_2021_284
Published Online: 15 December 2021

187

http://crossmark.crossref.org/dialog/?doi=10.1007/7854_2021_284&domain=pdf
mailto:nathalie.rieser@bli.uzh.ch
https://doi.org/10.1007/7854_2021_284#DOI


regard to this treatment approach. The clinical mechanisms of action of psychedelic
substances in the treatment of SUD are not well understood. Closing this knowledge
gap is critical to inform and optimize the psychotherapeutic embedding of the acute
substance administration. In this chapter, we discuss potential mechanisms that have
implications on psychotherapeutic approaches including induced neuroplasticity,
alterations in brain network connectivity, reward and emotion processing, social
connectedness, insight, and mystical experiences. Furthermore, we outline consid-
erations and approaches that leverage these mechanisms in order to optimize the
therapeutic embedding by maximizing synergy between substance effects and psy-
chotherapy. Understanding the mechanisms of action, developing psychotherapeutic
approaches accordingly, and evaluating their synergistic efficacy in scientific studies
will be critical to advance the framework of psychedelic-assisted therapy for addic-
tion, create evidence-based approaches, and achieve the best treatment outcome for
patients with SUD.

Keywords Addiction · Hallucinogen · LSD · Mechanism of action · Psilocybin ·
Psychedelic · Psychedelic-assisted therapy · Substance use disorder · SUD

1 Introduction

Serotonergic psychedelic substances, also called hallucinogens, have been studied
extensively in the 1950s and 1960s for the treatment of various psychiatric disorders
(Vollenweider and Preller 2020). One major area of interest was the use of LSD in
the treatment of substance use disorders (SUD) (Dyck 2006). While most of these
early clinical studies do not comply with current scientific standards, a meta-analysis
of six randomized trials testing LSD for alcohol dependence showed consistent
treatment effects on drinking outcomes (Krebs and Johansen 2012). These early
results remain of great interest given that alcohol addiction still accounts for a
substantial proportion of global health burden and alcohol addicted patients lose
more than 20 years in average life expectancy compared to the normal population
(GBD 2018). Pharmacological treatment approaches for alcohol use disorder (AUD)
have limited effectiveness with up to 50% relapse rates (Moos and Moos 2006).
Currently, research on the therapeutic effects of psychedelics is gaining momentum
again and various studies investigating the efficacy of psychedelics in the treatment
of alcohol (NCT04620759, NCT04410913, NCT04141501), nicotine
(NCT01943994), and cocaine addiction (NCT02037126) are ongoing. At this
time, two modern clinical trials have been published, reporting beneficial long-
term effects of psilocybin for nicotine and alcohol use disorder for up to 6 months
(Bogenschutz et al. 2015; Johnson et al. 2017). Although these studies are small and
lack appropriate control conditions, the results are promising. However, potential
mechanisms of actions of psilocybin in patients with SUD have not been
investigated.
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Importantly, psychedelics are usually not administered without psychotherapeu-
tic embedding. In the two published studies testing the effects of psychedelics in the
treatment of SUD, one or two administrations of psilocybin were combined with
various preparation and integration sessions based on cognitive-behavioral or moti-
vational enhancement therapeutic approaches (Bogenschutz et al. 2015; Johnson
et al. 2017). The use of psychedelics for treating psychiatric illnesses is therefore
considered to be best described as pharmacologically-assisted psychotherapy (PAT)
that leverages psychedelic-induced neurobiological and psychological effects
(Vollenweider and Preller 2020). However, two major questions remain regarding
this approach:

1. What is the clinically relevant mechanism of action of psychedelics in SUD? In
other words, what are the psychedelic-induced neurobiological and psychological
effects that can be leveraged in psychotherapy?

2. What is the best way to conduct psychedelic-assisted psychotherapy in SUD?

These two questions are not unrelated. As discussed in detail below, understand-
ing the clinical mechanisms of action will help to inform, optimize, and advance
currently implemented psychotherapeutic approaches in the context of psychedelic-
assisted therapy. Testing these approaches empirically is essential to be able to
provide evidence-based psychedelic-assisted therapy and maximize the clinical
potential of psychedelic substances in the treatment of SUD.

In this chapter, we discuss potential clinically relevant mechanisms of action of
psychedelics and highlight current knowledge gaps. We use the term “psychedelics”
to refer to 5-HT2A receptor agonists, i.e., “classic psychedelics” such as psilocybin,
LSD, ayahuasca/DMT, and mescaline. If other substances are discussed, this is noted
in the text. Please note that the effects discussed here do not represent an exhaustive
list of potential mechanisms of action, but rather focus on insights derived from
studies with psychedelics that may be relevant for the treatment of SUD. Further-
more, we discuss the implications these mechanistic hypotheses have for the content
and conduction of accompanying psychotherapy. While some of these mechanisms
and considerations may be applicable for the treatment of other disorders as well, this
chapter focuses specifically on SUD.

2 Potential Mechanisms of Action of Psychedelic
Substances in the Treatment of Substance Use Disorders

2.1 Induced Neuroplasticity

Maladaptive learning and memory processes are major characteristics of SUD
(Hyman 2005). Alcohol and other drugs of abuse have been suggested to hijack
synaptic plasticity systems and create persistent links between reinforcing aspects of
the drug-induced experience and associated stimuli (Kauer and Malenka 2007).
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These associations between cues and drug experiences can contribute to relapse even
after prolonged periods of abstinence (Lüscher 2016). Furthermore, chronic expo-
sure to alcohol has been shown to reduce neuroplasticity as evidenced by
dysregulations in long-term potentiation/long-term depression and Brain-derived
neurotrophic factor (BDNF) signaling (Lovinger and Abrahao 2018). These long-
term plasticity impairments may underlie learning deficits and reductions in cogni-
tive flexibility observed in alcohol addicted patients (Beylergil et al. 2017). These
neuroadaptations pose a major challenge for psychotherapeutic treatments in AUD.
Treatment success may be severely limited by reductions in neuroplasticity as these
treatment approaches require the patient to learn new strategies and skills that help
them to abstain from drinking alcohol.

Classical psychedelics may open a window of opportunity for “therapeutic
learning” by inducing neuroplasticity that potentially underlies the long-lasting
effects of a single administration and could potentially be leveraged in the therapeu-
tic process. In vivo and in vitro studies in rodents revealed that psychedelics increase
neuritogenesis, spinogenesis, and synaptogenesis as well as gene expression of
BDNF and Immediate Early Genes associated with plasticity (Catlow et al. 2013;
Ly et al. 2018; Nichols 2016; Shao et al. 2021; Zhang et al. 2013). These
neuroplastic changes appear to be mediated through activation of the 5-HT2A

receptor, tyrosine receptor kinase B (TrkB), and mammalian target of rapamycin
(mTOR) signaling pathways (Ly et al. 2018). Another recent study in pigs reports
significantly higher Synaptic vesicle glycoprotein 2A density – a marker of presyn-
aptic density – in the hippocampus and the prefrontal cortex 7 days after a single
dose of psilocybin (Raval et al. 2021). Importantly, animal studies also provide
evidence for psychedelic-induced functional neuroplastic changes as low doses of
psilocybin lead to significantly faster extinction learning in a cued fear conditioning
paradigm than saline in mice (Catlow et al. 2013). In a recent study, psilocybin
evoked dendritic spinal density, widths of spinal heads, and spine protrusion lengths
in the medial prefrontal cortex in mice (Shao et al. 2021). Furthermore, half of the
newly formed spines remained stable until day 7 (Shao et al. 2021).

It still needs to be investigated if these neuroplastic effects observed in animals
translate to humans. So far, only indirect evidence has been presented such as
increased levels of medial prefrontal cortical glutamate during the acute experience
(Mason et al. 2020) and post-acute reductions of glutamate + glutamine in the
posterior cingulate cortex (Sampedro et al. 2017). If future studies find evidence
that psychedelics increase neuroplasticity and facilitate (extinction) learning, this
may have important implications for the therapeutic embedding of a psychedelic
experience and may open up various opportunities to beneficially leverage the
synergy between drug-induced effects and psychotherapy.

2.2 Alterations in Brain Networks Connectivity

Previous studies report widespread changes in the functional architecture of the brain
in patients suffering from SUD as measured with connectivity metrics during resting
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state. Specifically, reductions in functional connectivity of the precuneus, postcentral
gyrus, insula, and visual cortex were reported in AUD (Vergara et al. 2017).
Changes within the dorsal anterior cingulate cortex-striatum circuit have repeatedly
been reported in nicotine dependence (Scarlata et al. 2021). Salience and default
mode network dysregulation has been shown to predict treatment outcome in
chronic cocaine users (Geng et al. 2017). Additionally, converging evidence points
to changes between and within cortical midline structures as a common mechanism
underlying various SUD such as alcohol, nicotine, cannabis, and heroin addiction
(Ersche et al. 2020; Zhang and Volkow 2019).

Acutely, psychedelics have been shown to alter thalamo-cortical connectivity
patterns (Mueller et al. 2017; Preller et al. 2018). Specifically, increased functional
connectivity between the thalamus and sensory brain areas and increased effective
connectivity from the thalamus to the posterior cingulate cortex have been reported
(Preller et al. 2018, 2019). These changes, together with results obtained with
neurophysiological measurements such as prepulse inhibition (Quednow et al.
2012; Riba et al. 2002; Schmid et al. 2015; Vollenweider et al. 2007), point to
changes in thalamic gating of internal and external sensory and cognitive informa-
tion. Additionally, increased synchronization of sensory brain areas (including the
visual cortex, postcentral gyrus, and precuneus) together with a de-synchronization
of associative brain regions under the acute influence of LSD and psilocybin
suggests a disruption of cortical information processing and changes in information
integration in the psychedelic state (Barrett et al. 2020; Preller et al. 2018; Preller
et al. 2020). In line with this, Mason et al. (2021) reported increased ratings of
creativity after psilocybin administration, which were predicted by acutely decreased
resting-state functional MRI connectivity of the default mode network. These
changes in information integration could enable patients to escape rigid thinking
patterns and potentially help develop novel insights into problems during the
therapeutic work after a psychedelic dose.

Unfortunately, little is known yet about long-lasting effects of psychedelics on
brain connectivity. Two studies report psilocybin-induced changes in resting-state
functional connectivity measured 1 week and 1 month after administration (Barrett
et al. 2020; McCulloch et al. 2021). Furthermore, post-acute changes in default mode
network connectivity were detectable 1 day after ayahuasca administration (Pasquini
et al. 2020; Sampedro et al. 2017). Although only investigated in healthy participants
so far, this result could implicate lasting functional re-organization effects that may
normalize pathological connectivity patterns specifically with regard to connectivity
with and between cortical midline structures in clinical populations.

2.3 Alterations in Emotion Processing

Patients with SUD show difficulties in regulating negative emotions and believe it to
be less socially acceptable to express negative feelings, compared to healthy controls
(Dingle et al. 2018). Suppression or avoidance of negative emotions is amplifying
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negative mood (Bastian et al. 2012) which may in turn increase maladaptive
drinking pattern to reduce negative emotional states. Several key motivation factors
for substance misuse, such as escape or avoidance of negative affect (Baker et al.
2004), chronic irritability, emotional pain, dysphoria, or alexithymia (Koob and Le
Moal 2005), point to the inability to regulate negative emotions as an important
mechanistic candidate in the pathogenesis of SUD. An additional maladaptive
strategy to deal with negative emotions is the engagement in rumination, which is
the repetitive focusing on one’s emotion and its underlying cause (Aldao et al. 2010).
Rumination has been positively associated with psychopathology in anxiety disor-
ders, depression, eating disorders, and SUD (Aldao et al. 2010). Additionally,
patients with AUD show difficulties in decoding other people’s emotions
(Le Berre 2019).

Recent studies report that psilocybin and LSD acutely attenuate the recognition of
negative facial expressions in healthy participants (Bershad et al. 2019; Dolder et al.
2016; Kometer et al. 2012). Furthermore, psilocybin and LSD reduced the neural
response to negative stimuli in the amygdala (Kraehenmann et al. 2015; Mueller
et al. 2017), an effect that was sustained for 1 week after administration (Barrett et al.
2020). However, one study reported increased amygdala reactivity in depressed
patients the morning after psilocybin administration, suggesting increased emotional
responsiveness in this patient group before therapeutic integration work had started
(Roseman et al. 2018). Additionally, psilocybin has been shown to enhance auto-
biographical memory recall, which was associated with subjective well-being in
healthy participants (Carhart-Harris et al. 2012).

Together, these results suggest a modulatory effect of psychedelics on emotion
processing, in particular the perception of negative stimuli. The clinical importance
of these effects is supported by Watts et al. (2017) who report beneficial changes in
emotion processing characterized by reduced avoidance and concurrently increased
acceptance of emotions in depressed patients after psilocybin-supported treatment.
Increased acceptance may also decrease ruminative thoughts, as patients accept the
current mood state instead of repetitively thinking about its underlying causes and
consequences. Given the deficits in regulating negative emotions reported in SUD
patients, psychedelics could have a positive effect on the maladaptive processes by
reducing negative affect, enhancing the ability to regulate negative affect, and
strengthening adaptive problem solving, which may in turn decrease substance use.

2.4 Alterations in Reward and Stress Processing

Reinforcing effects are key characteristics of psychoactive substances and motivate
their use. Neurobiologically, these reinforcing effects depend on dopamine release in
the ventral tegmental area (VTA) and subsequently in the Nucleus Accumbens
(NAcc) (Wise 2008). Dopamine release from VTA to NAcc plays a central role in
the reward circuit and motivational processes (Salamone and Correa 2012; Volkow
et al. 2019). Reinforcing effects are also caused by environmental factors, as
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substance craving and use is often triggered by sensitization, stress, priming dose, or
drug-related cues (Belin et al. 2013; Jasinska et al. 2014). These triggers can drive
drug users to compulsive drug taking (Volkow et al. 2011b). Repeated perturbation
of reward systems leads to long-lasting decreases in dopamine D2 receptors and
decreased dopamine cell activity (Volkow et al. 2003). Specifically, chronic drug use
induces neuroadaptations in the dopamine striato-thalamo-cortical and limbic path-
ways (Volkow et al. 2019). Various brain imaging studies have shown that these
neuroadaptations cause a long-lasting decrease in sensitivity to natural reinforcers,
such as monetary reward and social interaction (e.g., Goldstein et al. 2007; Preller
et al. 2014; Tobler et al. 2016). Furthermore, obsessive-compulsive thoughts related
to cocaine use and lifetime cocaine consumption were associated with impaired
reward sensitivity for natural reinforcers in cocaine users (Kirschner et al. 2018).
Therefore, modifying maladaptive reward sensitivity and reinstating natural reward
responsiveness is a promising therapeutic strategy in SUD.

An additional neurotransmitter influencing the cycle of addiction is serotonin.
Serotonin is involved in the regulation of stress, anxiety, cognitive functions, social
behavior, and reinforcement of properties of drugs (Belmer et al. 2016). Serotonin
neurotransmission is reduced in patients with AUD after alcohol-withdrawal leading
to increased stress-induced anxiety, which in turn reinforces craving and relapse
(Belmer et al. 2016). Furthermore, frontolimbic 5-HT2A receptor binding correlates
with anxiety and difficulties in the regulation of stress (Frokjaer et al. 2008).
Therefore, stimulation of serotonergic neurotransmission by the administration of
psychedelics may decrease stress-induced anxiety, improve mood, and reduce atten-
tional bias, and in turn decrease craving (Bogenschutz and Pommy 2012). This is in
line with participants being treated with psilocybin for smoking cessation reporting
reduced withdrawal symptoms and craving (Noorani et al. 2018).

2.5 Increased Social Connectedness

Potentially related to impaired responsiveness to natural rewards, patients with SUD
show dysfunctional social cognition and interaction, subsequently leading to
decreased social contact and support. This may result in increased social isolation
(Quednow 2020; Tobler et al. 2016). For example, cocaine users showed decreased
social interaction and brain activity in regions related to reward processing. This
decreased brain activity was associated with a decreased social network size,
suggesting that reduced social reward processing is leading to impairments of social
behavior in real life (Preller et al. 2014). Similarly, patients with AUD showed
reduced theory of mind skills (Le Berre 2019). Such difficulties may increase the
probability of relapse and hinder treatment efficacy. Therefore, the training of social
and emotional skills should be implemented in therapy of SUD.

Studies with healthy controls have shown that classic psychedelics acutely
decrease feelings of social exclusion and increase emotional empathy, prosocial
behavior, and the desire to be with other people (Dolder et al. 2016; Pokorny et al.
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2017; Preller et al. 2016). Positive social effects and interpersonal closeness were
increased up to 1 year after the psychedelic experience (Griffiths et al. 2008, 2018;
Schmid and Liechti 2018). Furthermore, participants receiving psilocybin in the
treatment of smoking cessation reported feelings of love and a sense of unity and
interconnection with their environment, which they identified to be important factors
for staying abstinent from smoking (Noorani et al. 2018). Additionally, participants
engaged more in social activities after the therapy (Noorani et al. 2018). After the
administration of a single dose of (�)3,4-methylendioxymethamphetamine
(MDMA), the reopening of a critical period for social reward learning was shown
in mice (Nardou et al. 2019). However, MDMA is not a classic psychedelic, but
rather an “entactogen” and these effects may therefore not translate to classic
psychedelics. Classic psychedelics may counteract social withdrawal associated
with SUD by decreasing social anxiety and increasing emotional empathy,
prosociality, and interpersonal closeness. Psychedelics may not only improve social
ties within daily life, but also the patient-therapist relationship. This may suggest that
a group setting for discussing the experience or including a person close to the
patient into the preparation or follow-up therapy sessions may be beneficial.

2.6 Subjective Experiences and Personal Meaning
of the Experiences

Self-awareness, interoception, and insight are related constructs that describe the
ability to identify one’s own behaviors, emotions, and mental states (David et al.
2012). Patients suffering from SUD often show difficulties in self-awareness,
interoception, and insight (Goldstein et al. 2009). Specifically, patients with SUD
fail to perceive the personal importance of stimuli or situations that have a meaning
to the self. This leads to drug-biased attention, deviant processing of non-drug-
related cues, and abnormalities in social cognition (Moeller and Goldstein 2014). A
dysfunctional neural circuit involving the insula, anterior cingulate cortices, proba-
bly orbitofrontal cortex (Goldstein et al. 2009), and ventromedial prefrontal cortex
(Moeller and Goldstein 2014) may underlie these difficulties. Consequently, patients
with SUD show difficulties in recognizing and understanding their feelings, and
gaining insight into potential dysfunctional behavior. Furthermore, impaired self-
awareness is often associated with increased illness severity, poorer prognosis, and
decreased insight into the severity of the disorder (David et al. 2012). Therefore,
increasing self-awareness and improving insight into problematic behavior could
represent a promising therapeutic approach.

Some studies propose that mystical experiences are essential to attribute personal
meaning to the psychedelic-induced experience and a positive treatment outcome
(e.g., Davis et al. 2020; Garcia-Romeu et al. 2019; Griffiths et al. 2016, 2018; Ross
et al. 2016). Mystical experience refers to the first-person experience during a
psychedelic session such as feeling of unity, blissful state, insightfulness, and feeling
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of awe. In a study in nicotine addiction, mystical experiences were associated with
smoking cessation at 6-month and 12-month follow-up (Garcia-Romeu et al. 2014;
Johnson et al. 2017). Similarly, in patients with AUD, changes in drinking pattern
were associated with mystical experiences, but also the general intensity of subjec-
tive effects as measured with the Altered State of Consciousness Scale (Bogenschutz
et al. 2015). Why and how mystical experiences influence treatment outcomes is not
well understood, but Bogenschutz and Pommy (2012) suggest that the high personal
meaning of the experience is associated with increased self-efficacy to stay abstinent
and decrease temptation to use the substance. In line with this, feeling of awe has
been suggested as a driving mechanism in long-term effects of classic psychedelic-
assisted therapy by influencing unitive experience and ego dissolution, which in turn
affects ineffability, sacredness, positive mood, and insight (Hendricks 2018).

Additionally, insightfulness – partially overlapping with the concept of mystical
experiences – is often an essential characteristic of the psychedelic experience
(Bogenschutz et al. 2018; Noorani et al. 2018). Insight can refer to a patient’s
understanding of their disorder, problematic behavior, emotions, and feelings.
Such insight has been suggested to lead to enhanced self-efficacy and motivation
to change (Bogenschutz and Pommy 2012). A previous online survey showed that
increased insight in a non-clinical setting correlates with decreased alcohol use
(Garcia-Romeu et al. 2019) and may therefore represent an important mediator of
treatment success in SUD.

Associated with increased insight, psychedelics may also (1) increase realization
and understanding of negative consequences of problematic behavior patterns and
substance use, which may lead to a heightened desire and motivation to change one’s
behavior, (2) alter the prospect of life, (3) influence one’s conviction that change is
possible, (4) reduce ambivalence, and (5) facilitate personality change (Bogenschutz
and Pommy 2012). However, divergent results were reported for personality change
after psychedelic admission. For example, psilocybin increased openness, but did
not influence neuroticism, extraversion, agreeableness, or conscientiousness in
healthy participants post-acutely (MacLean et al. 2011; Madsen et al. 2020). Simi-
larly, patients with treatment resistant depression showed increased openness, but
also increased extraversion and decreased neuroticism following psilocybin sessions
(Erritzoe et al. 2018). On the other hand, LSD in healthy participants did not affect
openness, but increased conscientiousness in one study (Schmid and Liechti 2018)
but not another (Carhart-Harris et al. 2016).

Importantly, SUD patients also reported post-acute alterations of self-perception
and more control over their own choices and behavior after a psychedelic experience
within a clinical setting (Bogenschutz et al. 2018; Noorani et al. 2018). Together,
these results suggest that the acute experience of altered self-perception facilitates
treatment success in SUD and has a long-lasting impact on perception of self-
efficacy.

Further research is needed to investigate how subjective experiences relate to
positive treatment outcomes and whether specific subjective experiences are more
beneficial than others to promote treatment success (Bogenschutz et al. 2015).
Studies in patients with SUD have not yet investigated the potential relationship
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between other subjective experiences and therapeutic outcome measures, such as
visual/auditive alterations, anxiety, or alterations in cognition and control.

In contrast to results pointing to the importance of subjective effects for beneficial
clinical effects, two studies in mice reported neuroplasticity was induced by psilo-
cybin with ketanserin pretreatment (Shao et al. 2021) and tabernanthalog (Cameron
et al. 2021), a non-hallucinogenic 5-HT2A agonist, which also reduced alcohol-
seeking. These results may challenge the idea that subjective effects are necessary
for treatment success in AUD. However, these effects still need to be replicated in
humans.

3 Therapeutic Implications

It is widely accepted that psychedelics should be administered in combination with
psychotherapeutic treatment that includes preparation and integration sessions, and
transfer to daily life. The psychotherapeutic embedding is considered vital to ensure
safety and efficacy (e.g., Watts and Luoma 2020). However, it remains unknown
which psychotherapeutic strategies are best suited to be combined with psychedelic
interventions in the context of SUD. Here, we briefly describe some of the main
psychotherapeutic interventions for SUD often applied in clinical settings, and
discuss the potential benefits of their combination with psychedelics based on their
mechanisms of action as outlined above.

Existing evidence-based psychotherapeutic interventions for SUD include mainly
contingency management (CM), cognitive-behavioral therapy (CBT), and motiva-
tional interviewing (MI), or variants and combinations thereof. CM is a behavioral
intervention in which non-drug taking behavior and other positive behavioral
changes are “reinforced” or rewarded, therefore supporting a shift from substance-
related to non-substance related behaviors based on principles of reward learning
(Petry et al. 2001, 2013). It therefore seeks to reduce the imbalance in reward
processing that is at the core of SUD. Although there is good evidence for the
application of CM in general, one of the major challenges is to achieve sustained
effects that have a positive impact on substance use that outlasts the reinforcement
intervention (Prendergast et al. 2006). Here, we discuss how, e.g., neuroplasticity as
induced by psychedelics might contribute to enhanced and more sustained effects of
CM interventions (see Sects. 3.1, 3.2, and 3.3). Strengthening engagement in
behaviors not related to substance use is also at the heart of other psychotherapies
like MI. MI focuses on resolving ambivalence related to behavioral decisions
between (continued) substance use and other activities, and enhancing motivational
engagement in non-substance-related “rewarding” activities (Rollnick and Miller
1995). Accordingly, it has been suggested that MI remodels maladaptive reward
learning associated with addiction-related behaviors and leads to changes within the
corresponding brain circuitries (Feldstein Ewing et al. 2011). However, effect sizes
for MI are rather low (Stein et al. 2009). We expect that fostering brain connectivity
changes by psychedelics may enhance the therapeutic potential of MI interventions
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(see Sect. 2.2). Moreover, as in MI it sometimes proves to be challenging for patients
to develop new attractive goals in life that are unrelated to substance use, and, in
addition, to generate creative novel ways to achieve them, psychedelics might
support MI approaches by enabling “out-of-the-box-thinking” not restricted by
rigid thinking patterns. In addition, increased insight into problematic behavior
and changes in self-perception and self-efficacy that both have been related to the
mystical experiences induced by psychedelics are considered key factors contribut-
ing to the clinical effects of MI. Therefore, we expect that MI based interventions
and psychedelic therapy are ideally suited to complement each other.

For example, we are currently conducting a study investigating clinical and
mechanistic effects of psilocybin in AUD (NCT04141501). Our accompanying
psychotherapeutic interventions are based on the BRENDA-approach that is rooted
in the principles of MI, which involves “(1) a biopsychosocial evaluation; (2) a
report of findings from the evaluation given to the patient; (3) empathy;
(4) addressing patient needs; (5) providing direct advice; and (6) assessing patient
reaction to advice and adjusting the treatment plan as needed” (p.1, Starosta et al.
2006). The BRENDA psychosocial therapeutic approach has specifically been
designed to be combined with pharmacological interventions in AUD (Starosta
et al. 2006). It has successfully been implemented in various clinical trials testing
the efficacy of pharmacotherapies in SUD (Monterosso et al. 2001; Pettinati et al.
2000). In our study, we extended the BRENDA-approach to include therapeutic
elements specific for psychedelic-assisted therapy. After assessing the patients’
medical history and their reasons for drinking alcohol in a first visit, patients are
prepared for the substance session in a second visit. Patients’ previous experiences
with psychedelics, their expectations and concerns, handling of challenging situa-
tions and potential effects of psilocybin are discussed. Furthermore, patients define
intentions for the substance session and goals for their future. On the day of
psilocybin administration (visit 3), we instruct patients to focus on themselves, to
immerse themselves in whatever may come up even if it may be challenging or
unpleasant and to avoid judging the situation or the content. In a fourth visit, the
patients revisit the substance session together with their therapist. This includes the
discussion of challenging situations and emotions during the day. The interpretation
and integration of the experience takes place in the fifth and sixth visits. Here, we
discuss how potential insights can lead to beneficial changes in daily life.

We suggest that leveraging synergies between psychedelic-specific mechanisms
of action and psychotherapeutic elements in future trials will contribute to optimiz-
ing the success of the treatment. Targeted approaches informed by the underlying
mechanisms of action will need to be developed to achieve the goal of delivering the
best psychedelic-assisted therapy possible. Based on the potential mechanisms of
action in SUD outlined above, we are discussing potential therapeutic elements
below (for an overview see Fig. 1) and suggest testing the efficacy of these targeted
approaches in future studies.
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3.1 Implications of Induced Neuroplasticity

As outlined in Sect. 2.1 psychedelics may open a neuroplastic window of opportu-
nity during which learning (including extinction learning) is facilitated. Unfortu-
nately, we currently do not know if these results translate to humans. Furthermore,
we do not have a clear understanding of when and how long this neuroplastic effect
can be leveraged. Nevertheless, as outlined above, patients suffering from SUD
benefit from learning new behaviors that can replace drug use habits. This may help
patients to stay abstinent and weaken the association between drug cues and craving.
It is conceivable that psychedelic-induced neuroplasticity may greatly facilitate these
processes.

For example, CM is mainly based on operant conditioning, a form of associative
learning, where a voluntary behavior is modified or strengthened by reinforcement.
Patients usually receive incentives to reinforce drug abstinence. While effect sizes
for this intervention are large as long as the target behavior is reinforced, these
effects are often not well sustained beyond the therapeutic intervention. Therefore,
psychedelic-induced neuroplasticity may enhance and extend the learning effects
associated with CM and other psychotherapeutic learning interventions.

Moreover, in synergy with psychedelic-induced plasticity, therapeutic
approaches based on extinction learning (i.e., exposure to drug stimuli without
providing the drug of abuse itself) may also prove to be more effective in SUD.
Leveraging these approaches in combination with immersive technology such as
Virtual Reality (e.g., Segawa et al. 2019) may further support the translation to real
life as it allows to create realistic scenes (e.g., visiting a bar, seeing other people
drink alcohol) that have been shown to trigger craving in AUD patients. Addition-
ally, neurofeedback approaches are helpful tools to specifically train self-regulation
of brain activity, and, in combination with psychedelics, could support patients in
either learning to reduce their reactions to drug cues, or to enhance their sensitivity to
non-drug related reinforcers in a very precise manner (Kirschner et al. 2018).

Increased psychological flexibility resulting from induced neuroplasticity may
furthermore be beneficial in supporting creative problem solving specifically with
regard to developing novel strategies to avoid relapse or deal with negative emo-
tions. The therapist may encourage the patient to engage in “out-of-the-box” think-
ing to come up with alternative behaviors that support the patients in staying
abstinent. It has to be noted though that LSD did not enhance cognitive flexibility
acutely in one study (Pokorny et al. 2020). It is therefore important to consider the
timing of these interventions.

While these approaches are likely to be effective after the acute effects have
subsided, the finding of increased acute plasticity raises the question of how the
acute experience shapes treatment outcomes. If induced neuroplasticity is already
present while the patient experiences psychedelic effects, the quality and content of
these experiences is likely to have a long-lasting impact. It may therefore be
important to avoid deeply frightening experiences during the acute effects as this
could potentially lead to enduring anxiety. Positive experiences, on the other hand,
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may support treatment success. Therefore, a “framing” towards positive and non-
drug-related experiences during preparation sessions might be beneficial for subse-
quent behavioral change. Moreover, the environment could be adapted to the
specific needs of the patients, for example by using a group setting if reductions of
social problems are a treatment goal.

3.2 Implications of Alterations in Brain Network Connectivity

Acute changes in brain connectivity reveal a pattern of increased connectivity
between sensory and decreased connectivity between associative brain regions
under the influence of LSD and psilocybin (Preller et al. 2018, 2020). These effects
point to alterations in information integration and cognitive control that may allow
patients to gain a new perspective on themselves and their lives by escaping rigid
thinking patterns. Therapists could leverage this effect by specifically discussing
novel perspectives with the patient and encouraging the patient to challenge old
ideas and habits. Therefore, psychedelics appear ideally suited to support “change
talk”, i.e. self-expressed speech that argues for change, which is considered one of
the key elements of MI.

It is currently unclear if these changes in brain connectivity – and associated with
this, information processing – persist beyond the acute drug effects. It may therefore
be critical to (re-)engage in these discussions as soon as possible after the peak
effects have subsided. This challenges the idea of therapists not interfering with the
acute experience and emphasizes directing the content of the experience towards
specific, personalized topics that have ideally been discussed in the preparation
sessions. Depending on the dose administered, this may not be possible while the
patient is experiencing a strong altered state of consciousness, but may be feasible
towards the end of the acute effects. Alternatively, lower doses may suffice to induce
changes in connectivity between associative brain regions and, together with a
targeted intervention that encourages a change of perspective, may promote benefi-
cial clinical outcomes. Future studies investigating changes in brain connectivity
induced by psychedelics at various doses and time points may help to uncover the
optimal dose and time point for more targeted psychotherapeutic interventions under
the influence of or in combination with psychedelics.

Additionally, the strength of psilocybin-induced changes in brain connectivity
was predicted by baseline connectivity in healthy participants (Preller et al. 2020). It
is therefore possible that the functional architecture of an individual’s brain as
measured with resting-state functional magnetic resonance imaging may represent
a predictive biomarker for acute psychedelic effects and treatment success. Future
studies need to explore if this measure can serve as a stratifying factor predicting
who is likely/unlikely to benefit from psychedelic-assisted therapy.
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3.3 Implications of Alterations in Emotion, Stress,
and Reward Processing

During the acute and post-acute phase of psychedelic drug action, the neural
response to negative stimuli is decreased. Therefore, psychedelics may provide the
patient with the opportunity to face negative memories and emotions instead of
suppressing or avoiding them. Dealing with the negative emotions possibly coming
up during acute psychedelic experience is often more comfortable than pushing them
away (Watts and Luoma 2020). Negative emotions may be less hurtful, thus
accessible and possible to process (Kraehenmann et al. 2015; Mueller et al. 2017).
With the increased processing of difficult situations, rumination may decrease
concurrently. As the reduced neural response to negative stimuli is prolonged up
to 1 week after psychedelic administration (Barrett et al. 2020), it may be beneficial
to process negative life events within this timeframe. This way, psychedelic inter-
ventions may complement and enhance the effects of psychotherapeutic interven-
tions like CBT or mindfulness-based relapse prevention that aim at developing skills
to cope with heightened stress levels that are often associated with craving and drug
use (Bowen et al. 2014). Mindfulness techniques used in relapse prevention are often
used to increase tolerance of negative emotional and cognitive states, thereby
decreasing the need to alleviate discomfort by engaging in substance use.

Furthermore, the stimulation of serotonin receptors by psychedelics may normal-
ize serotonin neurotransmission and in turn decrease craving by increasing mood
and reducing stress and attentional bias (Bogenschutz and Pommy 2012). With
heightened mood and reduced attentional bias, drug cues may become less important
and drug rewards less worth striving for. Therefore, integration sessions could focus
on the normalization of natural rewards processing. To sustain decreased attentional
bias, drug-cue reactivity combined with neurofeedback or virtual reality practice
may support long-term changes and reinstate natural reward sensitivity.

However, as one study in depressed individuals showed that the neural response
to negative emotions was increased the day after psilocybin administration before
any integration therapy had taken place (Roseman et al. 2018), it is necessary that the
process of negative emotion processing is carefully embedded in therapy and closely
accompanied by a trained therapist. Especially shortly after the psychedelic experi-
ence, patients may be more vulnerable and may need more support from the
therapists. Future research should investigate when best to discuss negative life
events, whether patients need more support right after psychedelic administration,
and what type of integration is necessary to achieve long-term improvements in
emotion processing.
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3.4 Implications of Social Connectedness

Increased emotional empathy induced by psilocybin may benefit the treatment of
SUD by increasing social activity and decreasing social isolation. While SUD are
often associated with severe social harms (Nutt et al. 2010; Volkow et al. 2011a) in
combination with more general anhedonia (Garfield et al. 2014), patients with SUD
receiving psychedelics may feel more connected with their environment and the
people close to them especially during acute effects. This could not only improve the
patient-therapist relationship but also make social interactions in general more
meaningful and valuable. As long-term increases in prosocial behavior and interac-
tion with the environment have been reported after exposure to a psychedelic,
therapists should support patients in engaging in social activities that contribute to
the patients’ well-being. More specifically, psychedelics seem well suited to be
combined with and enhance therapeutic benefits of approaches like behavioral
activation treatment that aim at increasing social engagement of patients (Daughters
et al. 2018). We also propose to evaluate carefully if group therapy sessions have an
additional beneficial effect on therapeutic outcomes as interaction with other people
is necessary to deepen social activities and social connectedness (Anderson et al.
2020; Kettner et al. 2021). Another approach could be to include family members or
people close to the patients in the therapeutic process, which is already being done in
MDMA-assisted treatment of PTSD-patients (e.g., Monson et al. 2020). However,
therapists need to be aware that the experience of increased social connectedness
induced by psychedelic substances requires them to be particularly mindful to keep
their professional distance.

3.5 Implications of Subjective Experiences and Personal
Meaning

The personal meaning of the experience seems to be essential for psychedelics to
induce self-awareness, create insight, and increase interoception. Thus, it ought to be
beneficial for patients to attribute personal meaning to the experience, gain insight
and a better understanding of their disorder, increase self-awareness, and motivation.
Furthermore, insight may give patients a new perspective on their dysfunctional
behavior (i.e., avoidance, suppression, or rumination) and may lead to new ideas
about the rationale for their addiction-related behaviors and potential possibility of
change (i.e., acceptance). It has to be noted that excessive self-awareness has been
associated with poor mental health as it can induce anxiety and rumination (Nezlek
2002). Psychedelic-induced self-awareness and facilitated insights might therefore
need to be guided towards the development of new goals in life. This way, they
could provide a rich source of ideas that can be further developed and applied in
well-established semi-structured therapeutic approaches like MI. An increased range
of possibilities and more flexible thinking together with altered self-perception may
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lead to the perception of increased self-efficacy to change their (substance use)
behavior. Although self-efficacy is a good predictor of treatment outcome in SUD,
there is no clear consensus on how to therapeutically enhance the perception of self-
efficacy in SUD patients. Psychedelics may provide an important contribution in this
context. Therefore, it may be essential to focus on topics like personal meaning,
insight, awareness, and self-efficacy during preparation, the acute psychedelic expe-
rience, and the following integration sessions. These processes could potentially be
augmented by practicing mindfulness techniques (see also Sect. 3.3) before or after
the psychedelic experience to re-induce some aspects of the experience. Addition-
ally, Hendricks (2018) suggests increasing the feeling of awe during the acute
experience via exposure to nature, art, and music. Furthermore, gained insight
needs to be transferred and implemented into daily life in order to facilitate long-
term changes.

One main mechanism of action of psychedelics is gaining insight. Therefore, it
seems essential to outline dysfunctional behavior patterns and define goals for the
future during the preparation phase and also encourage changing of behavior and
thinking patterns during integration sessions. Furthermore, new habits need to be
strengthened to support long-term change. Current clinical studies in humans sug-
gest that the subjective experience is necessary to gain insight and support positive
clinical outcomes (e.g., Bogenschutz et al. 2015; Garcia-Romeu et al. 2014). How-
ever, recent research in mice contradicts these findings (Cameron et al. 2021).
Further research is needed to answer this question.

3.6 Implications for Dose-Finding and Dosing Regimen

It is currently unknown which dose or dosing regimen is leading to the most positive
treatment outcomes. In in-vivo experiments in mice, significant faster extinction
learning in a cued fear conditioning paradigm was observed with low doses of
psilocybin compared to high doses (Catlow et al. 2013). This study furthermore
showed a dose-dependent decrease in hippocampal neurogenesis; with a trend
towards increased neurogenesis by low doses of psilocybin (Catlow et al. 2013).
However, there are currently no studies investigating the effect of psychedelics on
learning in humans. Translating these animal findings into human studies is neces-
sary to understand the impact of different doses on potential clinical mechanisms of
action.

While these results point to the beneficial effect of low doses, Kurland et al.
(1967) and Chwelos et al. (1959) proposed the administration of relatively high
doses of LSD in patients with AUD to elicit a “peak-psychedelic” or mystical
experience of ego loss. Additionally, Bogenschutz et al. (2015) reported lower
acute effects in patients with AUD (measured with mystical experience question-
naire (MEQ) and hallucinogen rating scale (HRS)) than in healthy volunteers and,
therefore, suggest that these patients require higher doses to have a strong acute
experience. Given the assumption that mystical experiences are essential for positive
treatment outcomes (Bogenschutz et al. 2015; Garcia-Romeu et al. 2014), higher
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doses of the psychedelic may be needed for clinical efficacy in this patient popula-
tion. Yet, anecdotal reports also suggest a beneficial effect of very low, sub-threshold
doses of psychedelics, so-called microdoses. Future research therefore needs to
investigate whether microdoses of psychedelics (1) indeed have clinical efficacy
and (2) if these effects are induced by a different mechanism of action as compared
to those described in Sect. 2. Another question that has not been resolved yet is the
most promising dosing regimen, i.e. is a single dose enough or are repeated doses
necessary for a positive long-term treatment outcome? Our currently ongoing study
will provide some answers to this question as it involves the administration of only a
single dose and allows for results to be compared with previous studies using
repeated dosing in patients with AUD and smoking cessation (Bogenschutz et al.
2015; Garcia-Romeu et al. 2014). Furthermore, it needs to be investigated if long-
lasting results can be fostered by repeating the treatment cycle after some months.

4 Conclusion

In this chapter, we have outlined various potential mechanisms of action of psyche-
delics that could prove to have significant synergies with psychotherapeutic
approaches. Today, most clinical trials that involve the administration of a psyche-
delic substance for the treatment of SUD include multiple sessions of preparation
and integration based on anecdotal reports of therapists working with these
substances – usually some form of talk therapy – combined with motivational
enhancement approaches. However, given the momentum this research has gained
including efforts to test psychedelic-assisted therapy in larger phase III trials in the
future, it will be important to establish evidence-based psychotherapeutic interven-
tions and optimize therapeutic approaches in order to achieve maximally beneficial
treatment effects for patients. Understanding the clinical mechanisms of action of
psychedelics will be critical to guide this optimization process as leveraging syner-
gies between pharmacological mechanisms and non-pharmacological interventions
represent a promising approach to achieve optimal treatment effects. In this chapter,
we have outlined knowledge gaps, but also make concrete suggestions about
possible psychotherapeutic interventions that seem well suited for a psychedelic-
assisted therapy of SUD based on our current understanding of the neurobiology of
these substances. We suggest exploring the benefits of fostering creative thinking
styles, including family members or friends in the therapeutic process, and enable
changes of perspectives and behaviors within an MI framework. We further propose
to enhance learning strategies as conceptualized in CM or extinction learning
approaches for SUD by psychedelic-induced neuroplasticity. Psychedelics have
the potential to support behavioral therapies such as behavioral activation aiming
at increasing social engagement. Additionally, we propose to leverage novel tech-
nologies, for example VR-based approaches and neurofeedback, to promote and
sustain these effects. The efficacy of these combined approaches as well as optimal
dose and timing needs to be investigated in future studies. Furthermore, the potential
of personalizing these approaches as well as predictive markers for treatment success
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need to be studied. If these knowledge gaps can be filled, psychedelic-assisted
therapy has a great potential to become an efficacious, evidence-based, and modern
treatment for patients suffering from SUD.
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