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Abstract

Anorexia Nervosa (AN) is a major health problem with one of the highest mortalities and
treatment costs of any psychiatric condition. Cognitive behavioural therapy (CBT) is currently
the most widely used treatment for AN in adults but provides remission rates < 50%.
Treatment drop-out is exceedingly high and those that persevere with treatment often
relapse, causing increased risk of morbidity and mortality. There is an urgent need to find new
interventions, especially as there are no approved pharmacological treatments for AN. Ideally,
new treatments would target treatment-resistance and to decrease the chronicity associated
with the disorder. Over the past two decades, emerging research into classic psychedelic
substances (lysergic diethylamide acid (LSD), 5-Methoxy-N,N-Dimethyltryptamine (5-MeO-
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DMT), N,N-Dimethyltryptamine (DMT) and psilocybin), indicates that marked reductions in
anxiety and depression-like symptoms, and lasting improvement in mental health, can follow
from one or two exposures to these psychedelic substances. Anxiety and depression are the
most prevalent co-morbid psychiatric symptoms in AN. Here we suggest that classic
psychedelics, particularly psilocybin, have the potential to normalise dysfunctional
neurobiological systems in AN and provide a novel treatment intervention that is worthy of
consideration, particularly for treatment-resistant patients.
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1. The History and Resurgence of Classic Psychedelics in Medicine

Classic psychedelics are a subset of hallucinogenic drugs that have historically been used to
induce altered states of consciousness. Pharmacologically, they share the property of having agonist
(or partial agonist) effects on the serotonin (5-hydroxytryptamine (5-HT)) 5HT, receptor. Classic
psychedelics include the tryptamine derivatives (lysergic diethylamide acid (LSD); N,N-
Dimethyltryptamine (DMT, the active ingredient in the ayahuasca brew); 5-Methoxy-N,N-
Dimethyltryptamine (5-MeO-DMT) and psilocybin) and the phenethylamine derivative, mescaline.
Psilocybin and mescaline have been used as sacraments since ancient times dating back to 8600BC
[1, 2]. Shamanic ceremonial use of psilocybin, mescaline, 5-MeO-DMT and ayahuasca remain
documented today among many indigenous groups through South-Central America [1, 3, 4].

Scientific landmarks over the past few decades involving classic psychedelic drugs include the
following:

1950s-1966: Psychedelics were first investigated for treatment of mental health problems and
approximately 2000 clinical papers were published on LSD, psilocybin and mescaline [5]. However
political concerns over widespread recreational use led to imposition of regulatory obstacles and a
hiatus in research for 24 years.

1990s: Dr. Rick Strassman began conducting human research on DMT. A case study described a
34-year-old man finding relief from his obsessive-compulsive symptoms after ingesting psilocybin-
containing mushrooms [5, 6].

2006-2008: Moreno and Delgado reported that psilocybin is well-tolerated and induces
impressive reductions in symptoms in patients with refractory obsessive-compulsive disorder
(OCD). Johns Hopkins University described positive effects in the treatment of personality disorder,
maintained at 14-month follow-up [7, 8].

2010-Present: The past decade has seen a significant surge in interest on the use of classic
psychedelics, particular LSD and psilocybin, in treatment-refractory mental health conditions.
Efficacy has been demonstrated in (mostly small) studies of depression, anxiety disorders and
substance misuse. In 2014 the first doctor is legally authorised to administer LSD-assisted group-
therapy to patients in Switzerland [9].
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Recent clinical trials have mostly focused on psilocybin due to its shorter duration of action (4—6
h) compared to LSD (8—12 h) and its lower potency than LSD. In addition, LSD accrued an unfortunate
and arguably undeserved reputation in the 1960s for causing prolonged psychosis in recreational
users. Cohen (1960) reported a 0.08% risk of a psychotic reaction lasting more than 48 hours,
although he stated that “in the clinical setting LSD is overwhelmingly safe and effective” [5].

Psilocybin is considered the classic psychedelic with the least risk of adverse events with no risk
of prolonged psychosis in a clinical setting [10, 11]. It has recently gained FDA designation as a
“breakthrough therapy” for both treatment-resistant depression (TRD) and major depressive
disorder (MDD). Emerging evidence of significant benefits for mental health has supported
decriminalisation and legalisation for therapeutic use in Oregon, United States (November 2020).
Of all the classic psychedelics, psilocybin is likely to have the greatest potential for international
approval as a therapeutic agent.

This review will therefore primarily focus on the medical use and therapeutic potential of
psilocybin in treating anorexia nervosa (AN). This is not to deny the positive therapeutic effects
obtained with LSD [12, 13], 5-MeO-DMT [14-16] and DMT/ayahuasca [17] and likely common
benefits within this group of pharmacologically-similar hallucinogens.

2. The Effects of Psilocybin

Psilocybin (4-phosphoryloxy-N,N-dimethyltryptamine) is a psychoactive alkaloid present in more
than 100 mushroom species worldwide. It was first isolated from Mexican mushrooms in 1959 by
Albert Hofmann [18], the same chemist who had previously discovered the psychedelic properties
of LSD in 1943 [19]. As with LSD, the Sandoz drug company, Hofmann’s employer, marketed and
distributed purified psilocybin as an experimental therapeutic drug to be used by psychiatrists in
assisting their patients. LSD has approximately 100-fold greater potency than psilocybin in terms of
effective doses (e.g. 100-200 ug versus 15-30 mg typical doses) [19].

Psilocybin is metabolised in vivo through dephosphorylation to the active metabolite psilocin (4-
hydroxy-dimethyltryptamine) (Figure 1) [20]. Psilocin has significant affinity for the serotonin
receptors 5-HTza, 5-HToc and 5-HTia [19, 21]. Following oral administration, the onset of
psychoactive effects begins at 20-40 minutes, with peak effects experienced after 60-90 minutes
and an overall duration of 4—6 hours [22].
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Figure 1 Chemical structure of psilocybin, psilocin, the neurotransmitter serotonin, DMT
and LSD. All molecules belong to the tryptamine family, defined by an indole (fused
benzene and pyrrole ring and a 2-aminoethyl group at the third carbon).
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There have been numerous laboratory studies involving the controlled administration of
psilocybin to human volunteers. A recent review of some such studies [23] characterises low to high
doses of psilocybin as involving a range from 2 mg (low) to 28 mg (high). Other studies have used
doses up to 0.6 mg/kg psilocybin (i.e. 45 mg to a person who weighs 75 kg) [24, 25].

Acutely, psilocybin increases spirituality [7, 8, 26-28], emotional empathy [29, 30], creative
thinking [30, 31], optimism, happiness, mindfulness [32], insightfulness [33], motivation [34],
memory recovery [35], acceptance of, and connectedness to, others [35, 36], and induces ego
dissolution/personality change (i.e. collapse of rigidified identity) [37] and emotional breakthrough
experiences [38].

The emotional breakthroughs during the acute psilocybin experience may be therapeutically
relevant to the treatment of refractory clinical conditions such as TRD [34]. Participants report
increased open-mindedness and psychological/cognitive flexibility, readiness to try and engage in
new activities and improved ability to dismantle rigid habitual mental templates [34]. This can result
in long-term salutary effects on mental health. Enhancements in emotional empathy, openness and
connectedness may increase trust between patient and therapist giving psilocybin therapeutic
utility as an adjunct during psychotherapy sessions. Notably, such openness in the therapeutic
setting appears to be a tremendous challenge for many individuals with AN.

The phenomenon of a “bad trip” or “psychedelic crisis” is part of psychedelic folklore and
described by many writers, and in case reports and clinical studies [39, 40]. This refers to
overwhelming and often terrifying experiences that individuals can sometimes experience on classic
psychedelics, including LSD and psilocybin [41]. In a recent survey of nearly 2000 people having
“challenging experiences” with psilocybin (i.e. a “bad trip”) during illicit use, 11% noted that the
experience occurred in a context that put themselves or others at risk [41]. A year later, 7.6% had
sought treatment for enduring psychological symptoms arising from the experience [41]. This
underscores the imperative that therapeutic interventions involving psilocybin should best occur in
a carefully controlled environment with medical assistance at hand.

This review will argue that psilocybin is safe to use in individuals with severe and refractory
psychiatric conditions when under careful medical supervision and has the potential to provide a
dramatic alleviation of complex psychological symptoms in a way that might provide a much-needed
therapeutic breakthrough in AN.

3. Anorexia Nervosa

Eating disorders (ED) such as anorexia nervosa (AN), bulimia nervosa and binge eating disorder
affect over 9% of the population worldwide, predominantly women [42]. According to the
Diagnostic and Statistical Manual of Mental Disorders [43], AN is characterised by a severe
pathological fear and anxiety around food, food intake, and body weight. People with AN regularly
engage in persistent ritualistic behaviours to restrict energy intake and therefore prevent weight
gain [43]. Evidence also suggests abnormalities in reward systems, however the relevance to
symptoms in AN and perpetuation of the illness remains unsure [44]. Such behaviours interfere with
the healthy physiological function of the individual, further perpetuating chronic food refusal and
deprivation, often leading to devastating physical symptoms.

Along with substance use disorders, AN has the highest treatment costs and mortality of any
psychiatric illness [45]. It has a standardised mortality ratio of 5.86 [46], with mortality arising from
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malnutrition and suicide. A large proportion of patients develop severe and enduring AN (>7 years)
[47], around 30% have an illness duration greater than 15 years, and only 31% reach recovery after
9 years [48]. Approximately 2-4% individuals with AN do not recover and experience life-long
persistence of the illness [48]. AN in adulthood is considered one of the most difficult psychiatric
conditions to manage and treat [49].

4. Treatment Approaches for AN

There have been very few recent advances in the effective treatment of AN. Attempts to
challenge the underlying psychopathology of eating disorders can often be highly distressing and
confronting for individuals with AN. As treatment progresses, a greater intensity of fear and anxiety
around weight gain can develop that contributes to high relapse rates [50, 51]. Although increases
in body mass index (BMI) can often be noted at the end of treatment, up to 50% of patients relapse,
or prematurely drop-out from treatment. This underscores the challenges faced by therapists in
trying to implement lasting change in patients with AN.

Motivation to change, which is sorely lacking in individuals with refractory AN, is an important
predictor of treatment response [52] and relapse prevention [53]. Increasing and maintaining
motivation to recover throughout treatment contributes to positive long-term outcomes. Emotional
avoidance and denial/lack of insight of illness and its severity is highly common during the acute
phases of the illness and contributes significantly to treatment-resistance [54]. Current
psychotherapies appear to often lack the power to effectively target and change such rigidified
belief symptoms.

4.1 Cognitive Behavioural Therapies

Cognitive behavioural therapy (CBT) is the most widely used treatment for adults with eating
disorders. CBT involves identifying and challenging distorted cognitions, maladaptive patterns, as
well as reducing negative emotions and feelings about food, eating, body shape and weight to
induce weight gain and weight restoration [55].

A multitude of modified CBT and psychotherapy programs have been developed including CBT-
AN [55], CBT-E [56], MANTRA and SSCM [57]. However, remission rates are often low, typically
between 17-50% [51, 55, 58-60] with drop-out rates high, up to 50% [59]. Given the modest efficacy
of CBT for treating AN in adults there is clearly an urgent need to improve upon currently available
therapies.

4.2 Pharmacological Interventions

There are no currently available pharmacological treatment options with demonstrated efficacy
in remitting AN. Available pharmacological treatments are generally inadequate and some are
associated with significant safety concerns [61]. Trials of various atypical antipsychotics (e.g.
aripiprazole [62, 63] and olanzapine [64, 65]) and antidepressants (e.g. sertraline [66], citalopram
[67], fluoxetine [68, 69], mirtazapine [66], bupropion [61]) have demonstrated only limited efficacy
in increasing BMI, stabilising weight, or reducing anxious, depressive and obsessive-compulsive
symptoms [70, 71].
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Novel approaches that have been trialled include the use of the neuropeptide oxytocin [72, 73]
which can modulate food consumption, social cognition, and anxiety [72, 73]. There was no
evidence, however, of significant weight gain in AN following intranasal oxytocin, although it may
reduce the stress response in anticipation of food [73] and attenuate attentional vigilance to food,
eating and body shape [72].

The main psychoactive constituent of cannabis (A°-tetrahydrocannabinol (THC)) has well-
documented appetite stimulatory effects and a range of potential medical applications [74]. In a
randomized controlled trial, pharmaceutical THC capsules (Dronabinol) administered over four
weeks produced a greater increase in average weight in AN patients (0.73 kg) than placebo in
combination with standard psychotherapy [61, 75].

Psychedelic-assisted psychotherapy is of significant interest as a novel intervention for AN
although evidence is highly preliminary at present. Renelli and colleagues reported qualitative
evidence of reduction or cessation of eating disorder (ED) and co-morbid symptoms following
consumption of ayahuasca. Individuals quote the experience as a “bottom-up approach that is very
much really rewiring things” and “I think it’s just a deeper recovery. It just goes deeper, it gets to
the root of why it developed in the first place” [76].

John Hopkins University (NCT04052568), Imperial College London (NCT04505189) and the
University of California (NCT04661514) have received approval to conduct phase 1 open-label
clinical trials for psilocybin treatment of AN (results pending). These trials are supported by the
aforementioned observations that psychedelics can increase motivation, insightfulness [33] and
decrease emotional avoidance [35], all important predictors of treatment response in AN.

5. Psilocybin Effects in Psychiatric Conditions Co-Morbid with AN

AN frequently appears alongside psychiatric conditions such as anxiety and depressive disorders,
substance use disorder (SUD), post-traumatic stress disorder (PTSD), and autism spectrum disorder
(ASD). These co-morbidities, particularly anxiety disorders, contribute to the overall
psychopathology of AN, exacerbating treatment-resistance, chronicity and mortality. The current
literature on psilocybin therapy documents a spectrum of trans-diagnostic effects, with preliminary
supportive evidence across a wide range of psychiatric disorders, asserting potential for treating an
illness with a variety of co-morbidities such as AN.

5.1 Anxiety Disorders

Anxiety contributes significantly to the psychopathology of AN with pathological anxiety a major
barrier to weight gain. Indeed, some believe AN is best classed as an anxiety disorder [77, 78]. The
most common co-morbid anxiety disorders in AN are OCD and social phobia, which carry co-
occurring estimates as high as 69%—88.2% [79-84]. Anxious avoidance and obsession with food,
weight gain and eating are fundamental drivers of iliness and the features most often associated
with treatment resistance [78]. Severity of anxiety and anxious phenotypes predict greater illness
morbidity and often differentiate patients who remit from those who do not [85, 86]. Furthermore,
childhood anxiety predicts increased caloric restriction, greater ED psychopathology and a lower
BMI during acute phases of the illness [87, 88].
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In 9 patients with refractory OCD, Moreno et al. (2006) reported reductions of 23-100% of
obsessive-compulsive symptoms following psilocybin [89] that lasted far beyond the short
pharmacological half-life of the drug itself. Two small-scale, double-blind, placebo-controlled clinical
trials are now ongoing in the United States to further evaluate psilocybin effects in OCD patients at
the University of Arizona (NCT03300947) and Yale University (NCT03356483).

Anxiolytic effects by psilocybin have also been demonstrated in individuals with a life-
threatening cancer diagnosis. Ross et al. (2016) reported an immediate and lasting anxiolytic
response in 29 individuals. At 6.5-month follow up 60—80% of participants continued to meet criteria
for clinically significant anxiolytic responses. Fifteen participants agreed to participate in a 4.5 year
follow up and 70-80% continued to meet criteria for a significant anxiolytic response at that
timepoint [28]. Grob et al. (2011) demonstrated significant anxiolytic responses in 12 subjects with
advanced cancer at 1 and 3-months post-psilocybin [90]. Similarly, Griffiths et al. (2016) reported
clinically significant anxiolytic effects in 51 cancer patients in a randomised, double-blind, cross-over
trial. At 6-months follow-up 83% maintained clinically significant anxiolytic responses and 57% were
in remission [91].

The evidence that psilocybin induces lasting amelioration of anxiety symptoms may hold
particular promise in the treatment of AN. Decreasing the anxious avoidance of food-related stimuli
and weight gain will likely assist the individual throughout treatment and long-term recovery.

5.2 Fear, Trauma and PTSD

The anxiety and fear seen in AN towards food and body weight gain has been further elucidated
in neuroimaging studies. These portray activation of fear-related circuits by food-related stimuli,
including the amygdala, in AN patients relative to healthy controls [92]. Intense fear is a key
component in PTSD, an anxiety disorder that onsets following traumatic experiences. There are
higher rates of PTSD in individuals with AN than the general population, with prevalence rates
variously estimated at 10% [93], 13.7% [94]and 23.1% [95]. Trauma is known to be a risk factor in
the development of eating-related psychopathology, most often sexually-related traumas that are
present prior to onset of AN [94].

Functional magnetic resonance imaging (fMRI) studies indicate that psilocybin reduces neuronal
activity in the amygdala and hippocampus, regions that process fear and threat-related stimuli and
that interface with the prefrontal cortex during emotional processing of negative facial expressions
[96-98]. Such effects are also reported in studies of evoked potentials using electroencephalogram
(EEG) recordings [99, 100].

Modulation of the neural response to fear-inducing stimuli by psilocybin is also seen in preclinical
models. Mice injected with low doses of psilocybin exhibited facilitated extinction of classically
conditioned fear responses [101]. This provides presumptive evidence that psilocybin might
facilitate the extinction of trauma-related cues and memories in humans.

Significant reductions in PTSD symptoms were obtained with the classic psychedelic 5-MeO-DMT
when administered to U.S. Special Operations Forces Veterans diagnosed with trauma-related
psychological and cognitive impairment [14]. An increase in psychological flexibility measured by
The Acceptance and Action Questionnaire Il (AAQ-Il) was strongly associated with reductions of
PTSD symptoms in these patients [14].
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Helping AN patients to process the traumatic memories that contribute to AN onset, as well as
their extreme fear associated with food and weight gain, would clearly be of long-term benefit.
Emotional detachment and inability to re-experience trauma memories may benefit from the
increase in emotional empathy [30] and memory consolidation effects induced by psilocybin [35,
36].

5.3 Depressive Disorders, Suicidal Ideation and Suicide

Major depressive disorder (MDD) is often co-morbid with AN with a lifetime prevalence of 50—
75% of individuals with AN [102]. Suicide is a leading cause of mortality in AN [102] with patients
having an 18.1 times higher risk of dying from suicide than the general population [45].
Approximately 80% of individuals with AN who attempted suicide reported that their worst suicide
attempt occurred during an episode of MDD [102, 103]. Suicidal ideation and severe depression
contribute to high rates of relapse during treatment [102].

Psilocybin produces remarkably rapid and sustained antidepressant effects in both MDD and
TRD. An open-label feasibility study examined psilocybin effects in 12 patients with TRD [104]. At 1-
week post exposure, 67% experienced clinically significant antidepressant effects and 58% met
criteria for complete remission. At 3 months, antidepressant effects were maintained and 42% were
still in remission. Patient reports noted “The reset switch had been pressed so everything could run
properly; | felt my brain was rebooted; | had the mental agility to overcome problems”. At 6 months
follow-up [105] six patients reported continued significant improvements - “It was a change of state,
to be stuck in that place of rumination and to be able to move out. It reconfigures you somehow.”
[35]. Another open label study of twenty participants with TRD found that 47% (n=9) maintained
clinically significant antidepressant responses at 5 weeks post-psilocybin [106].

In participants with MDD, Davis et al. (2020) reported clinically significant reductions in
depression. At 1-week post exposure 67% experienced clinically significant antidepressant effects
and 58% were in remission. At 4-weeks 71% maintained antidepressant effects and 54% maintained
remission [106]. Very recently, Carhart-Harris et al. (2021) conducted a randomized, controlled trial,
comparing psilocybin with the standard antidepressant escitalopram in 57 patients with MDD.
Results showed that just 2 doses of psilocybin were just as effective as a 6-week course of
escitalopram. A clinically significant antidepressant effect was reported in 70% of those allocated in
the psilocybin group, compared to 47% with escitalopram and remission occurred in 57% and 28%,
participants respectively [107].

Significant long-term reductions in depressive symptoms have additionally been reported in
patients with a life-threatening terminal disease diagnosis [91, 108]. Significant and large reductions
in suicidal ideation and depression have also been reported with 5-MeO-DMT treatment for trauma-
related psychological and cognitive impairment [14].

Spirituality appears to protect against suicidal ideation [109, 110] and increased spirituality may
be one mechanism through which psilocybin acts to improve mood and reduce suicidality [7].
Hendricks and colleagues, in a population study, reported that psychedelic use was associated with
reduced suicidal ideation, psychological distress and past year suicide attempts [111]. Similarly,
Carhart-Harris et al. (2018) reported reduced suicidal ideation at 6 months follow-up in TRD patients
treated with psilocybin [105]. Zeifman et al. (2020) found that individuals with mild to very severe
depression had significant reductions in suicidal ideation 4 weeks following psilocybin [36].
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Six clinical trials involving psilocybin treatment in depressive disorders are currently ongoing in
the United States, United Kingdom and Europe (NCT03866174; NCT03429075; NCT03715127;
NCT03181529; NCT03554174; NCT03380442).

The promising evidence of psilocybin’s therapeutic use in depressive disorders, as well as
comparable, if not superior, efficacy compared to standard antidepressants, indicates the potential
of psilocybin to ameliorate one of the most prevalent co-morbidities seen in AN, namely depression,
and to protect against suicidality.

5.4 Addiction and Substance Use Disorders

The compulsive self-starvation seen in AN that persists despite obvious self-harm, and the strong
resistance to recovery, are characteristics that are somewhat reminiscent of addictions and
substance use disorders (SUDs). In animal models, food deprivation increases the reinforcing effects
of drugs of abuse (e.g. cocaine, opioids) suggesting commonality of mechanism [112, 113]. Food
restriction also promotes excessive voluntary wheel running in rodents in the so-called “activity-
based anorexia” model, leading to catastrophic weight loss and death, even when food access is
restored [114].

Abuse of cocaine, sedatives, cannabis, heroin, and amphetamines are common in AN [115] and
severity of caloric restriction is a significant predictor of psychostimulant use [116]. Around 27% of
individuals with AN have a co-morbid SUD [116] with alcohol use/dependence and tobacco use the
most common [115, 116]. AN sometimes precedes a SUD, with functional use of a drug that reduces
appetite (e.g. nicotine, cocaine, amphetamine) in order to enhance weight loss [117].

Psilocybin is of increasing interest in the treatment of SUDs: in a single-group proof-of-concept
study alcohol-dependent patients showed decreased drinking behaviours for 8 months after one or
two psilocybin sessions [118, 119]. In another study, 80% of long-term heavy tobacco smokers
demonstrated abstinence from smoking 6 months after two psilocybin doses [120]. Clinical trials
are currently ongoing for treatment of cocaine use disorder (NCT02037126) and opioid use disorder
(NCT04161066) in the United States.

The emerging efficacy of psilocybin in treating SUDs speaks to possible efficacy in psychiatric
disorders with abnormal reward circuits, with possible lasting reductions in repetitive, compulsive,
inflexible and obsessional elements present in AN. Additionally, psilocybin may directly reduce the
harmful substance abuse habits that are co-morbid in many patients with the disorder.

5.5 Autism Spectrum Disorder

Autism spectrum disorders (ASD) are present in 23% of AN patients and the prognosis for AN is
often worse when ASD co-occurs [121]. There are many common features between AN and ASD,
particularly cognitive rigidity, heightened fear and obsessive-compulsive ritualistic behaviours
[122]. Psilocybin impairs recognition of fearful faces [99] and increases emotional empathy and
connectedness to others, which are impaired in both ASD and AN. Although there have been no
human trials, a recent preclinical study reported that psilocybin rescues sociability deficits in a
mouse model of ASD [123]. Furthermore, between 1959 and 1974, 91 autistic schizophrenic children
between the ages of 6 and 10 were given low to moderate doses of LSD over extended periods of
time [124, 125]. While clearly a controversial intervention, the children developed improved speech
behaviour (“many seemed to comprehend speech for the first time or were able to communicate
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their needs”), increased emotional responsiveness to their peers (“They participated with increasing
eagerness in motility play with adults and other children”), increased positive mood, as well as
decreases in compulsive ritualistic behaviour [124]. Such reports suggest potential of classic
psychedelics, including psilocybin, to ameliorate ASD symptoms in AN.

5.6 Limitations and Significance of Outlined Studies

Studies conducted to date with psilocybin in the areas of mental health and addiction medicine
are mostly case reports, open-label feasibility and crossover trials, with very few high quality
randomised double-blind controlled trials. Existing studies are prone to bias as a result of limited
blinding and the frequent absence of a control group meaning that there is no objective delineation
of psychedelic-induced effects. Replication of effects in larger, more rigorous, more carefully
controlled studies would have significant implications for public health and clinical practice. A recent
meta-analysis on classic psychedelic treatment in mood and depressive disorders concluded that
despite the absence of high quality clinical trials, effects sizes remained impressive for both acute
and long-term outcomes [126]. So, despite clear limitations, there is sufficient evidence to propose
that psilocybin therapy might well provide an alternative treatment modality for many intractable
mental health conditions that are unresponsive to conventional treatment, including AN. The large
randomised controlled double-blinded trials that are ongoing for OCD (NCT03356483), cocaine use
disorder (NCT02037126) and depressive disorders (NCT03866174; NCT03429075; NCT03715127;
NCT03554174; NCT03380442) should help to further clarify the current picture.

6. Psilocybin and the Neurobiology of AN

The neural mechanisms underlying the lasting therapeutic efficacy of classic psychedelics in
mental health conditions are still a matter of substantial uncertainty, although an increasing number
of sophisticated brain imaging studies and other neurobiological investigations are being
conducted. At the same time, the acute pharmacological actions of psychedelics on brain
serotonergic systems including effects on the 5-HT.a receptors, the key psychedelic target, are
increasingly well understood. Effects of psychedelic drugs on neurotrophic growth factors and
neuroplasticity are also of substantial current research interest.

6.1 Serotonin

Serotonin (5-HT), an indoleamine neurotransmitter, is synthesized from the dietary amino acid
tryptophan. There are more than 14 subtypes of 5-HT receptors which are regionally distributed
throughout the brain and body with a wide range of functional correlates (Figure 2). The 5-HT
system is implicated in appetite, mood, pain, emotion, motor function, sleep, cognition, and
autonomic and neuroendocrine function [127].
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Figure 2 Psilocybin may induce pseudo-hallucinations by altering neurotransmission in
corticostriato-thalamo-cortical loops. The capacity of psilocybin to modulate the default
mode network (DMN) and executive control network (ECN) may underlie its lasting
effects on cognitive flexibility. The DMN and ECN are major hubs that overlap with the
ascending 5-HT pathways that are directly affected by classic psychedelics which target
5-HT,a receptors richly distributed across the cortical regions where 5-HT terminals are
located.

Across many decades of preclinical and clinical research, the pharmacology of 5-HT receptors has
been widely investigated in relation to obsessional behaviours, anxiety, impulse control, inhibition,
attention, mood and feeding behaviour. Many prescription drugs target aspects of this complex
serotonergic system including antidepressants, anxiolytics, antipsychotics, analgesics, anti-emetics,
anticonvulsant, appetite suppressant and anti-migraine drugs. Serotonergic dysfunction has been
reported in many disorders including depression [128], anxiety and neurosis [129], borderline
personality disorder, completed suicide [129, 130] and AN [131].

Of the 14 different 5-HT receptors, it is the 5-HT,a receptor that is responsible for the psychedelic
effects [132]. It is the primary target of all the classic psychedelic hallucinogens such as LSD,
psilocybin and mescaline, as well as the synthetic 2C families of psychedelics [133]. Interestingly,
although classic psychedelics bind with high affinity to serotonin 5-HT,a receptors, closely related
5-HT,a receptor agonists such as the ergot derivatives (the fungi from which LSD is derived), lisuride
and ergotamine, are not necessarily hallucinogenic in humans [134]. Instead, these non-psychedelic
5-HT,a receptor agonists have therapeutic effects in the treatment of migraines and Parkinson’s
disease [134]. Further, the 5-MeO-DMT derivative, 6-MeO-isoDMT, is a 5-HTa agonist with reduced
hallucinogenic effects, while maintaining the neuroplastic effects observed with 5-MeO-DMT [135].

A key location for 5-HT,a receptors is on the apical dendrites of cortical pyramidal neurons. This
location allows extensive modulation of the corticostriato-thalamo-cortical (CSTC) feedback loop by
5-HT,a agonists and antagonists. The CTSC loops are major networks involving the prefrontal cortex,
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striatum, nucleus accumbens and thalamus (Figure 2) [136, 137]. The modulation of thalamocortical
transmission can lead to sensory alterations known as pseudo-hallucinations [23, 138, 139]. Sensory
effects include vivid internal and external imagery, illusions, visual-auditory synesthesia as well as
distortions in olfactory, gustatory and tactile senses [19]. Pseudo-hallucinations are distinct from
‘true’ hallucinations, with the latter commonly and incorrectly used to describe the psychedelic
state. A true hallucination describes an alteration in perception without a stimulus being present
and a convincing reality of the experience [140]. True hallucinations are not induced by typical
dosages of classic psychedelics, although are sometimes present with extremely high doses.
Pseudo-hallucinations compromise vivid imagery (e.g. kaleidoscope patterns), illusions (a
misinterpretation of a stimulus e.g. a crack interpreted as a snake) and visual-auditory synaesthesia
(e.g. music evoking visual experiences) [138]. The extent of psilocybin-induced 5-HT,a receptor
occupancy and plasma psilocin concentrations correlate with subjective ratings of the intensity of
pseudo-hallucinations [141].

Psychiatric disorders such as OCD [142], MDD [143] and AN [144] display specific abnormalities
in 5-HT signalling, and can be associated with polymorphisms of the 5-HT,a promoter (-1438G/A).
Historically, depression and suicidality have also been associated with increased density of
postsynaptic 5-HT,a receptors [145]. Some brain imaging studies have identified dysregulation 5-HT
activity in frontal, cingulate, temporal, and parietal cortical regions in AN [146]. Reductions in
dietary tryptophan can decrease anxiety and elevate mood in individuals with AN, suggesting
serotonergic dysfunction [146]. Positron emission tomography (PET) studies have illustrated
alterations in 5-HT1a and 5-HTa receptor and 5-HT transporter density in AN [147]. Some of these
alterations may be a direct consequence of sustained malnutrition/starvation, reversing when
weight is restored [131, 146]. Importantly, 5-HT receptors are widely expressed in brain regions that
regulate satiety, food intake and control of eating rate [148] while dysregulation of serotonin
pathways in limbic structures (hippocampus, hypothalamus, amygdala, thalamus) appear to
contribute to anxiety, behavioural inhibition, body image distortions, mood and impulse control in
AN [131, 146].

It can be hypothesized then that the effects of psilocybin on 5-HT,a (as well as 5-HT1a and 5-HTxc)
receptors may in some way help to normalise the serotonergic system producing antidepressant
and anxiolytic effects that might rescue many maladaptive mechanisms and behaviours that
perpetuate illnesses such as AN [149].

6.2 Brain Imaging Studies and Cognitive Flexibility

The acute psychedelic state induces mystical-type experiences, emotional breakthroughs,
openness, ego dissolution, feelings of unity and transcendence of time and space. fMRI studies [150,
151] have examined the neural correlates of these experiences with results painting a rather
complex picture. The psychedelic states generally provide a greater repertoire of activated and
connected brain states than is observed in normal waking consciousness (explained below).
Increased brain connectivity, associated with increased cognitive flexibility [150], is hypothesised to
‘reset’ and normalise the brain, prompting significant positive changes in behaviour and long-term
improvements on mental health [7, 8, 26, 37, 91, 152].

Cognitive flexibility involves the ability to adapt cognitive processing such as the capacity to
rapidly switch thinking between multiple concepts [153]. It is an executive function that allows
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adaptation to and learning from a change in environmental contingencies and to overcome habitual
and repetitive rigidified thoughts. Cognitive inflexibility is a key phenotype in AN and contributes to
severe anxiety, obsessiveness, impulsive and compulsive behaviours to control weight and food
consumption [154-156]. Such behaviours include fixations on calorie-counting, focus on intense
exercises as well as restraint in emotional expression, severe anxiety, social introversion, body
image disturbances, and obsessions related to perfectionism, symmetry, exactness, and order [122,
146, 156]. These habits often persist after recovery [146, 155, 156] and cognitive inflexibility has
been demonstrated in healthy sisters of AN patients [157] implying further etiological relevance.
Cognitive rigidity in AN decreases engagement to treatment that aims to dismantle rigidified beliefs
that perpetuate theillness [54, 122, 156, 158].

The insula, a brain region that plays a critical role in switching between the salience network,
executive control network (ECN) and default mode network (DMN) (Figure 2), known as the
‘connector hubs’ [159]. The ECN is important for the integration of sensory and memory
information, regulation of cognition and behaviour as well as cognitive flexibility [153]. The DMN is
characterised by self-referential activity, and is particularly active at resting state [160] whereas the
salience network is believed to be important for self-awareness, higher cognition and ego-vitality
[161].

fMRI studies show that psilocybin decreases brain activity in the salience network, ECN and DMN
[150, 151, 162, 163]. By ‘switching off’ these connector hubs, connectivity is thought to increase
between them allowing for increasingly fluid modes of cognition throughout the brain [38, 150, 151,
163, 164]. This wider repertoire of connectivity may allow individuals an opportunity to make
changes in their personal life and outlook that were previously not possible [34, 104, 105]. An
increase in cognitive flexibility constitutes a major psychological mechanism causing psilocybin’s
therapeutic effects [28, 34, 35, 37, 38, 104-106, 151, 165]. This increased connectivity across brain
networks, which is maintained at 1-week and 1-month post-psilocybin, is consistent with the
positive psychological effects, indicating enhanced brain plasticity [166].

Increased cognitive flexibility may well be central to psilocybin’s anti-depressant and anxiolytic
effects [167], and have potential to reduce suicidality, treatment-resistance and relapse in AN [168].
This therapeutic window induced by psilocybin may help individuals with AN to address and
dismantle severely rigidified thought patterns that drive the illness, reducing maladaptive eating-
related and co-morbid behaviours.

6.3 Brain Plasticity and Neurotrophic Factors

Change in cognitive flexibility is one example of the broader concept of neuroplasticity, referring
to the fundamental ability of the brain to reorganise its structure and connections in response to
environmental stimuli and internal neurodevelopmental sequences. This property underpins
learning and memory, brain development, homeostasis and recovery from brain damage.
Neuroplastic changes include the formation of new neurons (neurogenesis), the formation of new
neuronal connections during development, and cortical reorganisation.

Central to neuroplasticity are growth factors including brain derived neurotrophic factor (BDNF)
and glial cell line-derived neurotrophic factor (GDNF). These are important for survival and function
of neurons and to brain plasticity, and are widely implicated in reward processing and learning and
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memory [169]. BDNF also regulates energy homeostasis, food intake, satiety, weight maintenance
[170-172] and exhibits antidepressant effects [173].

There is evidence that neuroplasticity is impaired in AN and this may correlate with cognitive
inflexibility. Reductions in grey and white matter volumes have been identified AN [146, 174-176)].
BDNF gene polymorphisms are associated with AN patients [177, 178] as well as low levels of BDNF
itself [175, 179, 180]. Reduced levels of both GDNF and BDNF are also found in patients with anxiety
disorders [181], mood disorders [182, 183] and in SUD [169, 184].

In vitro and in vivo evidence suggests that classic psychedelics are capable of increasing
concentrations of neurotrophic factors such as BDNF and GDNF [185-187] and that this may
correlate with changes in brain plasticity and the long-term antidepressant, anxiolytic and anti-
addiction effects reported with psilocybin. The remarkable ability of psilocybin to promote lasting
changes in mood and cognition, long after the drug has been eliminated from the body, is consistent
with long-term changes in brain plasticity [166].

7. Safety of Psilocybin

Access to psilocybin is highly restricted in most countries. It is typically illegal to produce, own or
supply psilocybin and the drug is often classified in a way that implies it has no medical value and a
high risk of abuse. This contrasts with the majority of scientific and clinical evidence suggesting that
psilocybin is in generally safe and actually has a very low risk of abuse [111, 188, 189]. No overdose-
related deaths have been reported from classic psychedelics and psilocybin has a very high safety
and low risk profile in a clinical settings, with reasonable safety even in unsupervised naturalistic
settings [190]. An analysis of harms conducted by Nutt et al. (2010) ranked psilocybin one of the
least harmful recreational and prescription drugs both in terms of harm to self and harm to others
[10].

There is no evidence of physical dependence on psilocybin (as shown by withdrawal symptoms)
and the drug is typically not rewarding in animal models of addiction [189]. Tolerance to psilocybin
builds up rapidly thus further reducing the potential to be used regularly and abused [188]. The
metabolites of psilocybin/psilocin exhibit low toxicity and do not accumulate in the body [20, 24].
Psilocin is largely excreted after 3 hours, completely eliminated after 24 hours with a half-life of 2.5-
3 hours [22, 24].

Psilocybin and other classic psychedelics have sometimes been thought to provide a model of
psychosis. Even when individuals are having an overall positive drug experience with psychedelics,
they can show increased delusional thinking, cognitive disorganisation and paranoia, all of which
are hallmarks of a psychotic state. However, actual psychosis usually involves a lack of insight into
the condition and this is not represented in the psychedelic state [5, 140]. Further, there is no well-
established link between psilocybin use and the lasting induction of psychosis, and there is no link
with induction of depression, anxiety disorders or suicidal ideation [11, 111, 191]. Such hazards are
further prevented in clinical trials by the strict exclusion of individuals with current schizophrenia
spectrum or bipolar disorders as well as their first- and second-degree relations.

Physiological changes including transient increases in heart rate and blood pressure are common
with psychedelics, although such changes do not occur at hazardous levels in clinical trials [188]. To
ensure patient safety, blood pressure and heart rate are continuously measured during a psilocybin
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dosing session and individuals who are not medically stable, especially those with compromised
cardiovascular function, are strictly excluded from trials [188].

Common psychological adverse effects noted in clinical trials include transient anxiety, fear,
nausea, paranoia and post-treatment headaches. Griffiths et al. (2011) conducted a study with
varying ascending and descending dose of psilocybin. One particular patient experienced sustained
anxiety at 30 mg/70 kg and described it as one of the worst experiences of her life. This patient,
however, continued with the study and eventually fulfilled criteria for a complete mystical
experience. One month post-dosing she retrospectively rated the experience as the single most
personally meaningful and spiritual of her life [26]. During this study, multiple patients reported
high levels of fear, anxiety and paranoia. However, no volunteers rated the experience as having
decreased their sense of well-being or life-satisfaction [26], with 83% rating it the most, or amongst
the top five, spiritually significant experiences of their lifetime. Interestingly this increased to 94%
at 14-month follow up. Most volunteers reported the challenging experiences as in fact being
incredibly effective and having long term benefits [26]. A patient with an eating disorder reported
following an ayahuasca session “l had a really, really tough experience but I’'m so grateful because |
feel 10 times lighter. And that doesn’t have to do with just my body image, it's emotionally, it’s like
that stuff that | couldn’t get to, that | can’t touch with other methods” [76].

Similarly, as noted above, a recent survey (N=1993) uncovered many users who experienced
psychological difficulties or challenging experiences following the ingestion of psilocybin
mushrooms. While a substantial percentage encountered lasting difficulties, at least 84% stated that
they actually benefitted from the challenging experience [41].

Given that risks of adverse events heighten as dosage increases, there is increasing interest in
the idea of microdosing (the use of ultra-low doses of psychedelics). Recent studies suggest
increasing creativity, optimism, cognitive functioning, emotional balance, physical stamina as well
as decreasing social anxiety and depressive symptoms with such low doses [192, 193]. A key
guestion is whether a fully-fledged psychedelic experience is required for the effective treatment
of refractory psychiatric conditions. Hutten et al. (2019) suggest that lower doses have less efficacy
in treating mental health problems such as anxiety and depression relative to regular larger
psychedelic doses. Griffiths et al. (2016) reported that higher doses had increased efficacy for
reduction of depressive and anxiety symptoms compared to low doses. At 5 weeks post psilocybin
exposure, 92% compared to 35% had clinically significant improvements in depression scores while
76% compared to 24% had improved anxiety scores.

Ultimately, preparation, support and integration (PSl) (before, during and post psychedelic
session), appropriate supervision (psychiatrist/ psychologist/ trained therapist, physician) and ‘set
and setting’ should be always adhered to in a clinical setting that ensure the safety of patients during
and after a psychedelic therapy session.

8. Conclusions and Future Research

The current review argues that psilocybin is a safe intervention when administered in a carefully
controlled clinical setting and has notable therapeutic potential in a range of severe refractory
psychiatric illnesses. The unique rapidity and long-term durability of psilocybin’s effects in studies
to date indicates much-needed novel, rapid-acting and potentially cost-effective enhancement to
current approaches. The use of psilocybin as an adjunct to current psychotherapy treatment
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modalities in AN is a particularly attractive proposition. The neurobiological and behavioural
phenotype of AN, specifically with respect to co-occurring diagnoses, serotonergic dysfunction, and
deficits in cognitive flexibility and neuroplasticity, provides strong impetus to the application of
psilocybin treatment to this intractable condition.

Accordingly, Imperial College (London), John Hopkins University (Baltimore) and the University
of California (San Diego) have recently approved phase 1 clinical trials to examine safety and efficacy
of psilocybin in AN. They are small, uncontrolled, non-blinded open-label trials with adjunctive use
of psilocybin alongside short-term standard psychotherapies. Clearly, despite the inherent difficulty
involving in designing proper placebo-controlled double-blind clinical trials with a psychedelic
substance, such trials are necessary to strengthen our knowledge and to support future evidence-
based clinical practice. Future studies will be required to answer key questions as follows:

Can psilocybin, when used as an adjunct to psychological interventions, increase treatment
acceptance, improve post-treatment remission rates and decrease dropout and relapse rates in
treatment-refractory AN?

Can psilocybin, when used as an adjunct to psychological interventions, reduce AN
psychopathology and symptoms of co-morbid conditions?

Can psilocybin, when used as an adjunct to psychological interventions, promote weight gain and
recovery?

Although this paper has predominantly focused on psilocybin and AN, classic psychedelics
including LSD, DMT, 5-MeO-DMT and mescaline warrant further exploration for therapeutic use in
AN. The therapeutic efficacy of psychedelics in other related eating-disorders including atypical-AN,
bulimia nervosa and binge eating disorder is also worthy of future investigation.

9. Methodology

Literature searches for this paper included using search terms relevant to classic psychedelics
and eating disorders, such as “psilocybin” AND (depression* OR anxiety* OR substance abuse
disorders* OR PTSD* OR autism spectrum disorder* OR neuroplasticity* OR safety* OR eating
disorders*), “anorexia nervosa” AND (psychotherapy* OR pharmacological treatments* OR
cognitive flexibility* OR serotonin* OR co-morbidities* OR treatment-resistant*). Peer-reviewed
papers of original research, reviews, case-reports and studies on animal models were all included.
The literature included in this review was received through searches of databases such as PubMed,
ScienceDirect, SpringerLink and Elsevier.
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