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Psilocybin, a psychoactive substance, has recently garnered attention for its high
therapeutic potential in psychiatry. In this study, we investigated the multifaceted
aspects of psilocybin, highlighting its chemical properties, mechanisms of action,
and burgeoning role in psychiatric treatment. Furthermore, we examined the
clinical applications and potential therapeutic benefits of psilocybin in the
treatment of various mental health disorders, supported by accumulating
clinical evidence. This review aims to deepen our understanding of the clinical
impact of psilocybin, elucidate its therapeutic value, and propose directions for
future research, thereby paving the way for its integration into mainstream
psychiatric treatments. Psilocybin has been shown to be safe in clinical trials
with manageable side effects. However, additional safety measures are required
after this discussion, including dosing protocols, patient monitoring, and distress
management strategies.
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1 Introduction

Derived from various mushroom species, psilocybin has a complex history and exerts
profound effects on human consciousness positioning itself as a compound with promising
implications for modern medicine (1, 2). Its unique properties have attracted attention
from various fields, including neuroscience, pharmacology, psychology, and anthropology.
This review aims to highlight the value of psilocybin by exploring its discovery, mechanism
of action, chemical synthesis, biosynthesis, industrial production, noteworthy uses, and
cumulative clinical data.

The story of psilocybin commences with ancient traditions of indigenous cultures,
where it was venerated as a sacrament and employed in rituals for altered states of
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consciousness, spiritual insight, and healing (3). This tradition
brought psilocybin to the attention of the Western world through
the research and investigations of pioneers and scholars, eventually
leading to its laboratory synthesis and subsequent exploration.

Psilocybin has received considerable attention due to its
potential in treating various mental health conditions, including
depression, anxiety, and post-traumatic stress disorder (PTSD)
(2, 4, 5). In recent years, psilocybin has secured its position in
medicine and industry; therefore, it is important to find ways to
make the synthesis of psilocybin more stable and efficient. In this
review, we introduce the history and research on the chemistry and
biosynthesis of psilocybin, its mechanism of action, and its clinical
impact, and suggest future directions.

2 Mechanism of psilocybin action

It has been reported that psilocybin undergoes a series of
metabolic processes in the body, ultimately transforming into
psilocin, an active form with psychoactive effects (6). Psilocybin is
absorbed by the stomach and intestines, entering the bloodstream.
This process usually begins to take effect within 20-60 min of
ingestion (7). The effects of psilocybin usually last for several hours,
peaking approximately 2-3 h after ingestion. Alkaline phosphatase in
the bloodstream converts psilocybin into psilocin. Psilocin is
structurally similar to serotonin, a neurotransmitter involved in
mood regulation that crosses the blood-brain barrier. Psilocin
primarily affects the brain by binding to serotonin receptors,
particularly 5-HT2A receptors (8, 9). This binding results in
changes in serotonin transmission and signaling in various brain
areas, particularly those related to mood and cognition. When psilocin
binds to serotonin receptors, it alters normal patterns of neural
activity in the brain, leading to characteristic hallucinogenic effects.
These effects include changes in perception, mood, and thought
patterns, as well as an increased sense of interconnectedness with
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the environment and others. Psilocin can also impact connectivity in
various brain regions, potentially disrupting the default mode network
(DMN) (10, 11). The DMN is a network of brain regions associated
with self-directed thinking and sense of self. DMN disruption can lead
to ego dissolution and an altered state of consciousness.

3 Biosynthesis of psilocybin

Although research on the biosynthesis of psilocybin was limited
before 2010, significant progress has been made in elucidating the
biosynthetic pathways responsible for psilocybin production in
psychedelic mushrooms, particularly Psilocybe species (12). This
pathway involves enzymatic reactions that convert precursor
compounds into psilocybins (Figure 1). Key enzymes crucial for
psilocybin biosynthesis have been identified, with tryptophan
decarboxylase (PsiD) playing a central role in the converting
tryptophan to psilocybin. In 2017, four enzymes, PsiD, PsiH (4-
hydroxylase), PsiK (kinase), and PsiM (methyltransferase), were
introduced for the first time. Understanding the functions and
mechanisms of these enzymes is important for elucidating their
biosynthetic processes.

PsiD catalyzes the initial step in the psilocybin biosynthesis
pathway by converting tryptophan to tryptamine (12-14). This
reaction is critical because it removes the carboxyl group from
tryptophan, setting the stage for subsequent modification.
Following tryptamine formation, PsiH introduces a hydroxyl
group at the 4-position of the tryptamine molecule, converting it
into 4-hydroxytryptamine (also known as psilocin). This
modification is vital for the hallucinogenic properties of
psilocybin because hydroxylation significantly alters the
interaction of the compound with neural receptors. PsiK
phosphorylates 4-hydroxytryptamine by converting it into
psilocybin. It attaches a phosphate group to hydroxylated
tryptamine, creating psilocybin. This phosphorylation is essential
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for stabilizing the molecule and reducing its susceptibility to
degradation before ingestion and conversion back into psilocin in
the human body. In some pathways, PsiM is involved in the
methylation of intermediates, contributing to the structural
diversity of psilocybin. While the direct role of PsiM in the classic
psilocybin pathway is less emphasized, methyltransferases are
known to modify hallucinogenic compounds, potentially affecting
their potency and psychoactive effects (14).

4 Therapeutic applications

The therapeutic applications of psilocybin, explored in a diverse
range of clinical studies, have demonstrated its multifaceted potential
in mental health treatment. We conducted comprehensive searches
using databases such as PubMed and “ClinicalTrials.gov” in the
National Center for Biotechnology Information (NCBI). The
inclusion criteria included studies published between 2014 and
the present, focusing on randomized controlled trials, open-label
studies, and other clinical trials involving human participants. We
excluded studies with significant methodological limitations, such as
small sample sizes or the absence of appropriate control groups. To
further assess the quality of the included studies, we employed the
Cochrane Risk of Bias 2 (RoB 2) tool (Supplementary Table 1). The
clinical studies, encompassing various conditions, dosages, and
participant demographics, provide insight into how psilocybin can
be used to address various mental health issues (Table 1). We describe
the reports of psilocybin’s therapeutic effects across the following
mental health issues.

4.1 Mood

Mood and depression are serious public health problems that
cause a range of psychological and physiological complications.
However, traditional treatments, such as selective serotonin
reuptake inhibitors (SSRIs) and cognitive-behavioral therapy,
although beneficial for many, do not provide adequate relief for a
substantial subset of patients (15, 16). Recent studies have brought
psilocybin to the forefront of potential alternative treatments for
mood and depression (4). Its unique mechanism of action,
primarily involving 5-HT2A receptors, differs significantly from
conventional antidepressants, suggesting a potential for distinct and
possibly superior therapeutic effects.

We used PubMed to search “Clinical Trial” articles from 2014
onwards containing both “psilocybin” and “mood” in the title. As
the sole article on these results, the pivotal study involving 25
healthy volunteers explored the effect of psilocybin on amygdala
reactivity (17). This study is crucial because the amygdala is known
to play a significant role in emotional processing. This study found
that psilocybin reduced the reactivity of the amygdala to negative
stimuli, correlating with an increase in positive mood states among
participants. This reduction in amygdala reactivity under the
influence of psilocybin suggests its potential therapeutic
application in the treatment of mood and depression, where
emotional processing is often impaired. Complementing the
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findings on amygdala reactivity, many clinical trials focused on a
significant challenge in mental health treatment: depression that
does not respond to conventional antidepressants (18).

4.2 Treatment of PTSD

The potential of psilocybin in the treatment of PTSD is also a
subject of growing interest. Its interaction with the serotonin 2A
receptor is thought to result in altered states of consciousness and
changes in emotional and cognitive processes. In PTSD,
characterized by intrusive memories, hyperarousal, and emotional
distress, psilocybin facilitates emotional processing and offers new
perspectives on traumatic events.

Since there is no published “Clinical Trial” article on psilocybin
for PTSD treatment, we searched “ClinicalTrials.gov” in the NCBI
for relevant clinical data. There are two phase 2 clinical trials that
are currently ongoing but not recruiting (ClinicalTrials.gov
Identifier: NCT05312151, NCT05243329). The first study
(NCT05312151) focused on evaluating synthetic psilocybin
(COMP360) in 22 adults with trauma-induced PTSD. This open-
label trial administered a single 25 mg dose of COMP360 and
monitored participants over 12 weeks. Preliminary findings
indicated that the treatment was well-tolerated, with no serious
adverse effects reported, and showed potential efficacy in alleviating
PTSD symptoms. Another study (NCT05243329) aimed to assess
the efficacy of varying doses of psilocybin in individuals with PTSD.
This randomized, placebo-controlled trial is still active, with an
expected primary completion date in 2025. The study will provide
valuable data on the long-term efficacy and safety of psilocybin for
PTSD treatment.

In addition to this, a review article highlighted the need for
innovative approaches in treating PTSD, citing the underwhelming
efficacy rates of current treatments (19). It described an open-label
study of traumatized AIDS survivors in which psilocybin-assisted
psychotherapy (PAP) reduced PTSD symptoms, attachment
anxiety, and demoralization. Several PAP trials have shown
preliminary efficacy in facilitating confrontation with traumatic
memories; decreasing emotional avoidance, depression, anxiety,
pessimism, and disconnection from others; and increasing
acceptance, self-compassion, and forgiveness of abusers-all
relevant factors in PTSD recovery.

4.3 Psilocybin with SSRIs for depression

SSRIs are commonly prescribed antidepressants, however,
many patients experience inadequate relief from these
medications alone (16, 20). Recent studies have begun to explore
the potential of combining psilocybin therapy with ongoing SSRI
treatment to enhance therapeutic outcomes (21, 22).

We used PubMed to search “Clinical Trial” articles containing
both “psilocybin” and “SSRI” in the title. There was only one report
on the outcomes of COMP360 administered together with ongoing
SSRI treatment in patients with depression (21). This research was
particularly significant as it challenged the common practice of
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TABLE 1 The table summarizing various studies on the effects of psilocybin for mental health issues.

Condition Year

Participants

Dosing Information

Study Highlights

Reduced amygdala reactivity to negative stimuli, correlating with
increased positive mood

No serious treatment-emergent adverse effects. Preliminary efficacy
in facilitating confrontation with traumatic memories

Ongoing phase 2 study, evaluating efficacy and safety

A significant reduction in depression severity without serious

Mood 2014 25 Single dose of 0.16 mg/kg
2022 22 Single dose of 25 mg
PTSD Low dose (10 mg) on day 7, high
2022 20 dose (25 mg) on day 14 and optional
dose (10 mg) on day 210
Combination 2023 19 Single dose of 25m,
with SSRIs & &

Social Decision- 19 for psilocybin, Single dose of 2 mg

adverse events

Making (with MDMA) 2018 20 for MDMA (intravenous infusion) Reduced rejection rates of unfair offers in economic game scenarios
2024 10 Three doses (0.14 mg/kg) Headache frequency was reduced by 30%
Chronic Low dose (0.0143 mg/kg or 1 mg),
Cluster Headaches 2022 25 high dose (0.143 mg/kg or 10 mg), A slight decrease in attack frequency during the first three weeks
and placebo
Anorexia Nervosa 2021 10 Female Single dose of 25 mg Positive changes, including reduced anxiety and improved mood

discontinuing antidepressants before administering psilocybin. The
study involved 19 participants and found that COMP360 psilocybin
therapy was generally well-tolerated when administered alongside
SSRIs, showing a significant reduction in depression severity
without serious adverse events. It suggested that the therapeutic
potential of psilocybin was not hindered by concurrent SSRI
treatment. These findings indicate that psilocybin therapy could
potentially serve as an adjunctive treatment to SSRI antidepressants,
challenging the previously held belief that SSRIs may interfere with
the therapeutic effects of psilocybin. Furthermore, this finding is
crucial in the context of treatment-resistant depression, in which
patients may not respond adequately to traditional antidepressant
treatments alone.

4.4 Psilocybin and 3,4-
methylenedioxymethamphetamine in
social decision-making

Social decision-making is notably affected in various mental
health disorders due to altered cognitive processing and emotional
regulation (23, 24). For instance, individuals with autism spectrum
disorder might struggle with understanding social cues, and those
with schizophrenia may face challenges in interpreting social
interactions due to distorted perceptions. Similarly, anxiety and
mood disorders like social anxiety disorder and major depressive
disorder can lead to avoidance of social interactions, which further
impairs decision-making in social contexts.

Several studies on psilocybin and 3,4-methylenedioxy
methamphetamine (MDMA) in the context of social decision-
making have provided intriguing insights into the effects of these
substances on human behavior and cognitive processes (25, 26). We
searched for “Clinical Trial” articles containing both “psilocybin”
and “MDMA” in the title using PubMed. We reviewed the only

Frontiers in Psychiatry

04

published study that tested psilocybin and MDMA together in a
clinical trial, which involved the Ultimatum Game, a standard
economic game used to assess social decision-making and fairness
(27). This game typically involves two players, one of whom divides
the sum of money while the other chooses to accept or reject the
offer. They found that both psilocybin and MDMA reduced the
rejection rates of unfair offers. Specifically, when participants were
under the influence of psilocybin compared with a drug-free
session, there was a reduced probability of rejecting first-person
unfair offers, with an odds ratio (OR) of 0.48, p=0.018. Similarly, for
randomly generated unfair offers, the odds of rejection were also
reduced, with an OR of 0.30, p=0.009, indicating a significant shift
in decision-making favoring the acceptance of unfair offers. These
findings are significant, offering insights into how psilocybin and
MDMA may alter social cognition. By affecting the decision-making
process in social contexts, especially in situations involving fairness
and rewards, these substances can potentially be used to explore and
treat disorders that affect social cognition.

4.5 Chronic cluster headaches

Cluster headaches are a severe type of headache disorder
characterized by recurrent, unilateral pain, often around the eye,
occurring in clusters lasting weeks or months with remission
periods (28). Chronic cluster headaches (CCH) represent a more
persistent and debilitating form, where headache episodes occur for
more than one year without remission or with remission periods of
less than one month (29).

Several studies and clinical trials have investigated the use of
psilocybin for headaches and have shown promising results in
terms of reducing the frequency and severity of attacks (30, 31).
We searched for “Clinical Trial” articles containing both
“psilocybin” and “CCH” in the title using PubMed. We reviewed
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the only published study examining clinical data on psilocybin in
the treatment of CCH (32). It investigated the effects of three
peroral doses (0.14 mg/kg) of psilocybin in CCH patients. The
treatment was well tolerated without serious adverse reactions, and
the attack frequency was reduced by 30% on average from baseline
to follow-up. The study also reported a case of a patient
experiencing complete remission for 21 weeks, highlighting the
potential of psilocybin as a prophylactic treatment for CCH. The
changes in hypothalamic functional connectivity observed in this
study suggest neural pathway involvement in treatment response,
indicating the need for further clinical studies to confirm the safety
and prophylactic efficacy of psilocybin for CCH.

We searched “ClinicalTrials.gov” in the NCBI for relevant
clinical data and identified two studies investigating psilocybin for
cluster headache treatment. However, of these studies, only one has
been completed. This completed study, sponsored by Yale
University and collaborators, including the Heffter Research
Institute and Ceruvia Lifesciences, examined the effects of an oral
psilocybin pulse regimen (ClinicalTrials.gov Identifier:
NCT02981173). The study design was interventional with a
randomized crossover assignment and included 25 participants.
The trial evaluated the safety and efficacy of psilocybin in treating
headache disorders. Subjects were randomized to receive oral
placebo, low-dose psilocybin (0.0143 mg/kg or 1 mg), or high-
dose psilocybin (0.143 mg/kg or 10 mg) in three experimental
sessions, each separated by 5 days. The primary outcomes included
the time to the first and last attacks after the completion of the pulse
regimen, changes in frequency, intensity, and duration of attacks,
and health-related quality of life, among other measures. A
randomized controlled trial using patient-informed, low-dose
psilocybin pulse therapy demonstrated its safety with no
unexpected serious side effects. A slight decrease in attack
frequency was observed during the first three weeks, especially in
patients with CCH.

Collectively, these studies provide valuable insights into the
potential of psilocybin as a treatment for cluster headaches,
especially in patients who have not experienced relief from
existing therapies. These findings suggest that psilocybin could
offer a novel approach to managing this challenging condition.
However, further research is needed to fully understand its safety,
efficacy, and long-term effects.

4.6 Anorexia nervosa

Anorexia nervosa (AN) is a severe and potentially life-
threatening eating disorder characterized by an intense fear of
weight gain, distorted body image, and severe restrictions on food
intake (33, 34). Recently, psilocybin therapy has gained interest as
an innovative treatment for AN (35). We searched for “Clinical
Trial” articles containing both “psilocybin” and “anorexia nervosa”
in the title using PubMed. From the results, we reviewed the only
relevant published clinical study. This study recruited 10
participants who met the Diagnostic and Statistical Manual of
Mental Disorders, Fifth Edition criteria for AN or pAN (partial
remission) (36). They received a single 25 mg dose of COMP 360 in
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conjunction with psychological support. The adverse events were
mild and transient, indicating that psilocybin therapy is safe and
tolerable for female patients with AN. Furthermore, the average
changes on Eating Disorder Examination subscales indicated that
weight concerns decreased significantly from baseline (day-1) to 1-
month (P=0.036, Cohen’s d=0.78) and 3-month (P=0.04,
d=0.78) follow-up. Significant decreases were observed in shape
concerns at 1-month follow-up (P = 0.036, d = 0.78). Ninety percent
of participants reported feeling more positive about life endeavors,
and 80% considered the psilocybin session one of the most
meaningful experiences of their lives. This trial indicated the
possibility that psilocybin, combined with psychological support,
was well-tolerated by participants, with some showing
improvements in AN symptoms of anorexia nervosa, such as
reduced anxiety and improved mood.

5 Impact on creative cognition

Research on the impact of psilocybin on creative cognition has
produced intriguing findings suggesting that psilocybin can
influence creative thinking processes (37). Studies of the neural
effects of psilocybin have shown increased connectivity across
various brain regions but not typically in direct communication
(11, 38-41). This hyper-connectivity can lead to a state in which
traditional cognitive boundaries are blurred, potentially facilitating
expansive associative thinking. Such changes are hypothesized to
underlie the reported increases in creativity and novel problem-
solving abilities observed in some studies (37, 42, 43). These studies
and anecdotal reports suggest that psilocybin can temporarily
increase creative thinking during the psychedelic experience, and
potentially for some time afterward. Several participants in these
studies reported feeling more open to new ideas and were able to
make unique connections between seemingly unrelated concepts.
However, this research is still in its early stages, and more systematic
investigations are needed to quantify these effects and fully
understand their mechanisms of action.

6 Long-term emotional and brain
function changes

Participants in psilocybin studies often report increased
emotional openness, greater life satisfaction, and improved mood
lasting for several weeks or even months following a single dose (44).
These long-term benefits are thought to arise from intense, often
introspective, experiences facilitated by psilocybin, leading to a re-
evaluation of personal values, behaviors, and the resolution of past
traumas. Moreover, psilocybin increased the connectivity between
different brain regions, leading to enhanced communication across
areas that do not typically interact (39, 40). This increased global
brain connectivity is associated with novel thought patterns and
cognitive flexibility reported by users after their experiences. These
changes in brain connectivity have been hypothesized to underlie the
lasting improvements in mood and cognitive function observed
following psilocybin administration.
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One study found that a single high dose of psilocybin
significantly reduced negative affect and increased positive affect
among participants (45). Measures of stress, anxiety, and mood
disturbance showed considerable improvement one week after
psilocybin administration, with some effects persisting for up to a
month. Additionally, participants reported increased feelings of joy,
content, pride, compassion, and amusement both one week and
one-month post-treatment. These emotional shifts were
accompanied by changes in brain function, particularly in the
amygdala response to affective stimuli, indicating a reduction in
the blood-oxygenation level-dependent response to all facial stimuli
at one week compared to baseline, which then returned to baseline
levels at one month.

Collectively, these studies suggest that psilocybin can facilitate
profound and lasting changes in emotional openness, life satisfaction,
and brain connectivity, potentially reshaping individuals’ outlook on
life and enhancing their psychological resilience.

7 Safety and adverse events

Although psilocybin has demonstrated significant therapeutic
potential in the treatment of various psychiatric disorders, it is
important to consider its associated safety concerns and adverse
events (7, 46). Physiologically, psilocybin can lead to temporary
increases in heart rate and blood pressure, which may pose risks for
individuals with pre-existing cardiovascular conditions. Therefore,
caution is advised when considering psilocybin for patients with
known cardiovascular issues. Moreover, psychological adverse
events can include transient anxiety, confusion, or distress during
the psilocybin experience (46, 47). In some cases, individuals may
experience feelings of paranoia or have distressing hallucinations,
commonly referred to as “bad trips”. Despite these potential adverse
events, the available clinical data suggest that, when administered in
a controlled therapeutic setting, the risk profile of psilocybin is
generally manageable. However, further research is required to
better understand the long-term safety of psilocybin, particularly
in populations with underlying health conditions.

8 Discussion

Synthesizing the key findings from the studies on psilocybin, it is
evident that psilocybin therapy holds significant promise for treating
a range of psychiatric disorders, including depression, PTSD,
anorexia nervosa, and cluster headaches. We highlight the capacity
of psilocybin to induce profound changes in brain connectivity and
cognitive flexibility, facilitating the re-evaluation of personal values
and behaviors, often leading to improved mental health outcomes.
These effects are attributed to the interaction of psilocybin with the
serotonin system, which not only alters perception and mood but also
enhances neural connectivity, enabling more flexible thought patterns
and emotional responses (8-11).

We compared psilocybin therapy with conventional psychiatric
treatments, highlighting its potential as a groundbreaking approach
to mental health care. We underscored the efficacy of psilocybin,
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particularly for individuals unresponsive to standard treatments such
as SSRIs, showing its ability to induce significant and lasting
improvements in various conditions, including depression, PTSD,
and anorexia nervosa. One standout point is the enduring nature of
the benefits of psilocybin, such as enhanced emotional openness and
cognitive flexibility, which persist beyond the immediate treatment
period. This contrasts with the transient effects typically observed
with conventional therapies. Moreover, the versatility of psilocybin in
the treatment of a range of mental health disorders has been
highlighted as a significant advantage over more narrowly focused
treatments. Despite its potential, this study acknowledges the
challenges of integrating psilocybin therapy into mainstream
psychiatric practice, including the necessity for controlled
administration environments, comprehensive psychological
support, and further research to refine treatment protocols.

As evidence supports the efficacy and safety of psilocybin for
treating various psychiatric disorders, there is an increasing call for
a paradigm shift in mental health treatment approaches. This shift
suggests a move towards more holistic and integrative therapies that
address the root causes of mental health issues, rather than merely
managing symptoms. Such changes would not only facilitate easier
access to psilocybin for therapeutic purposes but also drive forward
research into its potential benefits and applications. Moreover, the
integration of psilocybin therapy into the existing healthcare
systems is a significant future direction. Assessing the long-term
outcomes of psilocybin therapy on individuals’ mental health and
its broader societal impact is a key area of focus.

Author contributions

HM: Writing - original draft. SP: Writing — original draft. JP:
Writing - review & editing. SN: Writing — review & editing. HL:
Writing - review & editing, Investigation. TK: Writing — review &
editing, Conceptualization. JH: Writing - review & editing,
Supervision, Conceptualization. YP: Writing - review & editing,
Supervision, Conceptualization.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This
research was supported by Technological Innovation R&D
Program (RS-2023-00281400) funded by the Ministry of SMEs
and Startups (MSS, Korea), intramural grants (2207012, 2207017,
2E33301) from the Korea Institute of Science and Technology
(KIST), the Ministry of Science and ICT (MSIT, Korea) (support
program: 2021-DD-UP-0379), and a grant (RS-2024-00332024)
from the Ministry of Food and Drug Safety, Republic of Korea.

Conflict of interest

Authors SP and JH were employed by the company NeoCannBio
Co., Ltd.

frontiersin.org


https://doi.org/10.3389/fpsyt.2024.1429373
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Min et al.

The remaining authors declare that the research was conducted
in the absence of any commercial or financial relationships that
could be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the

References

1. Rodriguez Arce JM, Winkelman MJ. Psychedelics, sociality, and human evolution.
Front Psychol. (2021) 12:729425. doi: 10.3389/fpsyg.2021.729425

2. Lowe H, Toyang N, Steele B, Valentine H, Grant J, Ali A, et al. The therapeutic
potential of psilocybin. Molecules. (2021) 26:2948. doi: 10.3390/molecules26102948

3. Nichols DE. Psilocybin: from ancient magic to modern medicine. J Antibiot
(Tokyo). (2020) 73:679-86. doi: 10.1038/s41429-020-0311-8

4. Davis AK, Barrett FS, May DG, Cosimano MP, Sepeda ND, Johnson MW, et al.
Effects of psilocybin-assisted therapy on major depressive disorder: A randomized
clinical trial. JAMA Psychiatry. (2021) 78:481-9. doi: 10.1001/jamapsychiatry.2020.3285

5. Carhart-Harris R, Giribaldi B, Watts R, Baker-Jones M, Murphy-Beiner A,
Murphy R, et al. Trial of psilocybin versus escitalopram for depression. N Engl |
Med. (2021) 384:1402-11. doi: 10.1056/NEJMo0a2032994

6. Dinis-Oliveira RJ. Metabolism of psilocybin and psilocin: clinical and forensic
toxicological relevance. Drug Metab Rev. (2017) 49:84-91. doi: 10.1080/
03602532.2016.1278228

7. Brown RT, Nicholas CR, Cozzi NV, Gassman MC, Cooper KM, Muller D, et al.
Pharmacokinetics of escalating doses of oral psilocybin in healthy adults. Clin
Pharmacokinet. (2017) 56:1543-54. doi: 10.1007/s40262-017-0540-6

8. Sherwood AM, Burkhartzmeyer EK, Williamson SE, Baumann MH, Glatfelter
GC. Psychedelic-like activity of norpsilocin analogues. ACS Chem Neurosci. (2024)
15:315-27. doi: 10.1021/acschemneuro.3c00610

9. Shah FI, Shehzadi S, Akram F, Haq IU, Javed B, Sabir S, et al. Unveiling the
psychedelic journey: an appraisal of psilocybin as a profound antidepressant therapy.
Mol Biotechnol. (2023). doi: 10.1007/s12033-023-00994-7

10. Gattuso JJ, Perkins D, Ruffell S, Lawrence AJ, Hoyer D, Jacobson LH, et al.
Default mode network modulation by psychedelics: A systematic review. Int |
Neuropsychopharmacol. (2023) 26:155-88. doi: 10.1093/ijnp/pyac074

11. Madsen MK, Stenbaek DS, Arvidsson A, Armand S, Marstrand-Joergensen MR,
Johansen SS, et al. Psilocybin-induced changes in brain network integrity and
segregation correlate with plasma psilocin level and psychedelic experience. Eur
Neuropsychopharmacol. (2021) 50:121-32. doi: 10.1016/j.euroneuro.2021.06.001

12. Fricke J, Blei F, Hoffmeister D. Enzymatic synthesis of psilocybin. Angew Chem
Int Ed Engl. (2017) 56:12352-5. doi: 10.1002/anie.201705489

13. Flower JE, Gibbons WJ Jr., Adams AM, Wang X, Broude CN, Jones JA.
Biosynthesis of psilocybin and its nonnatural derivatives by a promiscuous
psilocybin synthesis pathway in Escherichia coli. Biotechnol Bioeng. (2023)
120:2214-29. doi: 10.1002/bit.28480

14. Adams AM, Kaplan NA, Wei Z, Brinton JD, Monnier CS, Enacopol AL, et al. In
vivo production of psilocybin in E. Coli. Metab Eng. (2019) 56:111-9. doi: 10.1016/
j.ymben.2019.09.009

15. Cuijpers P, van Straten A, van Schaik A, Andersson G. Psychological treatment
of depression in primary care: A meta-analysis. Br ] Gen Pract. (2009) 59:e51-60.
doi: 10.3399/bjgp09X395139

16. Rush AJ, Trivedi MH, Wisniewski SR, Nierenberg AA, Stewart JW, Warden D,
et al. Acute and longer-term outcomes in depressed outpatients requiring one or several
treatment steps: A star*D report. Am J Psychiatry. (2006) 163:1905-17. doi: 10.1176/
2jp.2006.163.11.1905

17. Kraehenmann R, Preller KH, Scheidegger M, Pokorny T, Bosch OG, Seifritz E,
et al. Psilocybin-induced decrease in amygdala reactivity correlates with enhanced
positive mood in healthy volunteers. Biol Psychiatry. (2015) 78:572-81. doi: 10.1016/
j-biopsych.2014.04.010

18. Goodwin GM, Aaronson ST, Alvarez O, Arden PC, Baker A, Bennett JC, et al.
Single-dose psilocybin for a treatment-resistant episode of major depression. N Engl |
Med. (2022) 387:1637-48. doi: 10.1056/NEJMo0a2206443

Frontiers in Psychiatry

10.3389/fpsyt.2024.1429373

reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fpsyt.2024.1429373/
full#supplementary-material

19. Khan AJ, Bradley E, O'Donovan A, Woolley J. Psilocybin for trauma-related
disorders. Curr Top Behav Neurosci. (2022) 56:319-32. doi: 10.1007/7854_2022_366

20. Fava M. Diagnosis and definition of treatment-resistant depression. Biol
Psychiatry. (2003) 53:649-59. doi: 10.1016/s0006-3223(03)00231-2

21. Goodwin GM, Croal M, Feifel D, Kelly JR, Marwood L, Mistry S, et al. Psilocybin
for treatment resistant depression in patients taking a concomitant Ssri medication.
Neuropsychopharmacology. (2023) 48:1492-9. doi: 10.1038/541386-023-01648-7

22. Carhart-Harris RL, Bolstridge M, Rucker J, Day CM, Erritzoe D, Kaelen M, et al.
Psilocybin with psychological support for treatment-resistant depression: an open-label
feasibility study. Lancet Psychiatry. (2016) 3:619-27. doi: 10.1016/52215-0366(16)
30065-7

23. Chevallier C, Kohls G, Troiani V, Brodkin ES, Schultz RT. The social motivation
theory of autism. Trends Cognit Sci. (2012) 16:231-9. doi: 10.1016/j.tics.2012.02.007

24. Fett AK, Viechtbauer W, Dominguez MD, Penn DL, van Os ], Krabbendam L.
The relationship between neurocognition and social cognition with functional
outcomes in schizophrenia: A meta-analysis. Neurosci Biobehav Rev. (2011) 35:573—
88. doi: 10.1016/j.neubiorev.2010.07.001

25. Pokorny T, Preller KH, Kometer M, Dziobek I, Vollenweider FX. Effect of
psilocybin on empathy and moral decision-making. Int J Neuropsychopharmacol.
(2017) 20:747-57. doi: 10.1093/ijnp/pyx047

26. Gabay AS, Kempton M]J, Gilleen J, Mehta MA. Mdma increases cooperation and
recruitment of social brain areas when playing trustworthy players in an iterated
prisoner's dilemma. J Neurosci. (2019) 39:307-20. doi: 10.1523/J]NEUROSCI.1276-
18.2018

27. Gabay AS, Carhart-Harris RL, Mazibuko N, Kempton MJ, Morrison PD, Nutt
DJ, et al. Psilocybin and mdma reduce costly punishment in the ultimatum game. Sci
Rep. (2018) 8:8236. doi: 10.1038/541598-018-26656-2

28. May A, Schwedt TJ, Magis D, Pozo-Rosich P, Evers S, Wang SJ. Cluster
headache. Nat Rev Dis Primers. (2018) 4:18006. doi: 10.1038/nrdp.2018.6

29. Rozen TD, Fishman RS. Cluster headache in the United States of America:
demographics, clinical characteristics, triggers, suicidality, and personal burden.
Headache. (2012) 52:99-113. doi: 10.1111/j.1526-4610.2011.02028.x

30. Schindler EAD. Psychedelics in the treatment of headache and chronic pain
disorders. Curr Top Behav Neurosci. (2022) 56:261-85. doi: 10.1007/7854_2022_365

31. Schindler EAD, Sewell RA, Gottschalk CH, Flynn LT, Zhu Y, Pittman BP, et al.
Psilocybin pulse regimen reduces cluster headache attack frequency in the blinded
extension phase of a randomized controlled trial. J Neurol Sci. (2024) 460:122993.
doi: 10.1016/j.jns.2024.122993

32. Madsen MK, Petersen AS, Stenbaek DS, Sorensen IM, Schionning H, Fjeld T,
et al. Cch attack frequency reduction after psilocybin correlates with hypothalamic
functional connectivity. Headache. (2024) 64:55-67. doi: 10.1111/head.14656

33. Proulx-Cabana S, Metras ME, Taddeo D, Jamoulle O, Frappier JY, Stheneur C.
To improve the initial inpatient management of adolescents admitted with severe
anorexia nervosa: A narrative review and a convenient protocol. Nutrients. (2022)
14:229. doi: 10.3390/nu14010229

34. Marzola E, Nasser JA, Hashim SA, Shih PA, Kaye WH. Nutritional rehabilitation
in anorexia nervosa: review of the literature and implications for treatment. BMC
Psychiatry. (2013) 13:290. doi: 10.1186/1471-244X-13-290

35. Spriggs MJ, Douglass HM, Park R], Read T, Danby JL, de Magalhaes FJC, et al.
Study protocol for "Psilocybin as a treatment for anorexia nervosa: A pilot study. Front
Psychiatry. (2021) 12:735523. doi: 10.3389/fpsyt.2021.735523

36. Peck SK, Shao S, Gruen T, Yang K, Babakanian A, Trim J, et al. Psilocybin
therapy for females with anorexia nervosa: A phase 1, open-label feasibility study. Nat
Med. (2023) 29:1947-53. doi: 10.1038/s41591-023-02455-9

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fpsyt.2024.1429373/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpsyt.2024.1429373/full#supplementary-material
https://doi.org/10.3389/fpsyg.2021.729425
https://doi.org/10.3390/molecules26102948
https://doi.org/10.1038/s41429-020-0311-8
https://doi.org/10.1001/jamapsychiatry.2020.3285
https://doi.org/10.1056/NEJMoa2032994
https://doi.org/10.1080/03602532.2016.1278228
https://doi.org/10.1080/03602532.2016.1278228
https://doi.org/10.1007/s40262-017-0540-6
https://doi.org/10.1021/acschemneuro.3c00610
https://doi.org/10.1007/s12033-023-00994-7
https://doi.org/10.1093/ijnp/pyac074
https://doi.org/10.1016/j.euroneuro.2021.06.001
https://doi.org/10.1002/anie.201705489
https://doi.org/10.1002/bit.28480
https://doi.org/10.1016/j.ymben.2019.09.009
https://doi.org/10.1016/j.ymben.2019.09.009
https://doi.org/10.3399/bjgp09X395139
https://doi.org/10.1176/ajp.2006.163.11.1905
https://doi.org/10.1176/ajp.2006.163.11.1905
https://doi.org/10.1016/j.biopsych.2014.04.010
https://doi.org/10.1016/j.biopsych.2014.04.010
https://doi.org/10.1056/NEJMoa2206443
https://doi.org/10.1007/7854_2022_366
https://doi.org/10.1016/s0006-3223(03)00231-2
https://doi.org/10.1038/s41386-023-01648-7
https://doi.org/10.1016/S2215-0366(16)30065-7
https://doi.org/10.1016/S2215-0366(16)30065-7
https://doi.org/10.1016/j.tics.2012.02.007
https://doi.org/10.1016/j.neubiorev.2010.07.001
https://doi.org/10.1093/ijnp/pyx047
https://doi.org/10.1523/JNEUROSCI.1276-18.2018
https://doi.org/10.1523/JNEUROSCI.1276-18.2018
https://doi.org/10.1038/s41598-018-26656-2
https://doi.org/10.1038/nrdp.2018.6
https://doi.org/10.1111/j.1526-4610.2011.02028.x
https://doi.org/10.1007/7854_2022_365
https://doi.org/10.1016/j.jns.2024.122993
https://doi.org/10.1111/head.14656
https://doi.org/10.3390/nu14010229
https://doi.org/10.1186/1471-244X-13-290
https://doi.org/10.3389/fpsyt.2021.735523
https://doi.org/10.1038/s41591-023-02455-9
https://doi.org/10.3389/fpsyt.2024.1429373
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Min et al.

37. Mason NL, Kuypers KPC, Reckweg JT, Muller F, Tse DHY, Da Rios B, et al.
Spontaneous and Deliberate Creative Cognition during and after Psilocybin Exposure.
Transl Psychiatry. (2021) 11:209. doi: 10.1038/s41398-021-01335-5

38. Smausz R, Neill J, Gigg J. Neural mechanisms underlying psilocybin's
therapeutic potential - the need for preclinical in vivo electrophysiology. J
Psychopharmacol. (2022) 36:781-93. doi: 10.1177/02698811221092508

39. Daws RE, Timmermann C, Giribaldi B, Sexton JD, Wall MB, Erritzoe D, et al.
Increased global integration in the brain after psilocybin therapy for depression. Nat
Med. (2022) 28:844-51. doi: 10.1038/541591-022-01744-z

40. Doss MK, Povazan M, Rosenberg MD, Sepeda ND, Davis AK, Finan PH, et al.
Psilocybin therapy increases cognitive and neural flexibility in patients with major
depressive disorder. Transl Psychiatry. (2021) 11:574. doi: 10.1038/s41398-021-01706-y

41. Rieser NM, Gubser LP, Moujaes F, Duerler P, Lewis CR, Michels L, et al. Psilocybin-
induced changes in cerebral blood flow are associated with acute and baseline inter-
individual differences. Sci Rep. (2023) 13:17475. doi: 10.1038/541598-023-44153-z

42. Mason NL, Mischler E, Uthaug MV, Kuypers KPC. Sub-acute effects of
psilocybin on empathy, creative thinking, and subjective well-being. J Psychoactive
Drugs. (2019) 51:123-34. doi: 10.1080/02791072.2019.1580804

Frontiers in Psychiatry

08

10.3389/fpsyt.2024.1429373

43. Bonnieux JN, VanderZwaag B, Premji Z, Garcia-Romeu A, Garcia-Barrera MA.
Psilocybin's effects on cognition and creativity: A scoping review. J Psychopharmacol.
(2023) 37:635-48. doi: 10.1177/02698811231179801

44. Nayak SM, Jackson H, Sepeda ND, Mathai DS, So S, Yaffe A, et al. Naturalistic
psilocybin use is associated with persisting improvements in mental health and
wellbeing: results from a prospective, longitudinal survey. Front Psychiatry. (2023)
14:1199642. doi: 10.3389/fpsyt.2023.1199642

45. Barrett FS, Doss MK, Sepeda ND, Pekar JJ, Griffiths RR. Emotions and Brain
Function Are Altered up to One Month after a Single High Dose of Psilocybin. Sci Rep.
(2020) 10:2214. doi: 10.1038/s41598-020-59282-y

46. Johnson MW, Griffiths RR, Hendricks PS, Henningfield JE. The abuse
potential of medical psilocybin according to the 8 factors of the controlled
substances act. Neuropharmacology. (2018) 142:143-66. doi: 10.1016/j.neuropharm.
2018.05.012

47. Studerus E, Kometer M, Hasler F, Vollenweider FX. Acute, subacute and long-
term subjective effects of psilocybin in healthy humans: A pooled analysis of
experimental studies. J Psychopharmacol. (2011) 25:1434-52. doi: 10.1177/
0269881110382466

frontiersin.org


https://doi.org/10.1038/s41398-021-01335-5
https://doi.org/10.1177/02698811221092508
https://doi.org/10.1038/s41591-022-01744-z
https://doi.org/10.1038/s41398-021-01706-y
https://doi.org/10.1038/s41598-023-44153-z
https://doi.org/10.1080/02791072.2019.1580804
https://doi.org/10.1177/02698811231179801
https://doi.org/10.3389/fpsyt.2023.1199642
https://doi.org/10.1038/s41598-020-59282-y
https://doi.org/10.1016/j.neuropharm.2018.05.012
https://doi.org/10.1016/j.neuropharm.2018.05.012
https://doi.org/10.1177/0269881110382466
https://doi.org/10.1177/0269881110382466
https://doi.org/10.3389/fpsyt.2024.1429373
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

	A narrative exploration of psilocybin’s potential in mental health
	1 Introduction
	2 Mechanism of psilocybin action
	3 Biosynthesis of psilocybin
	4 Therapeutic applications
	4.1 Mood
	4.2 Treatment of PTSD
	4.3 Psilocybin with SSRIs for depression
	4.4 Psilocybin and 3,4-methylenedioxymethamphetamine in social decision-making
	4.5 Chronic cluster headaches
	4.6 Anorexia nervosa

	5 Impact on creative cognition
	6 Long-term emotional and brain function changes
	7 Safety and adverse events
	8 Discussion
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	Supplementary material
	References


