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a b s t r a c t

This review assesses the abuse potential of medically-administered psilocybin, following the structure of
the 8 factors of the US Controlled Substances Act (CSA). Research suggests the potential safety and ef-
ficacy of psilocybin in treating cancer-related psychiatric distress and substance use disorders, setting the
occasion for this review. A more extensive assessment of abuse potential according to an 8-factor analysis
would eventually be required to guide appropriate schedule placement.

Psilocybin, like other 5-HT2A agonist classic psychedelics, has limited reinforcing effects, supporting
marginal, transient non-human self-administration. Nonetheless, mushrooms with variable psilocybin
content are used illicitly, with a few lifetime use occasions being normative among users. Potential harms
include dangerous behavior in unprepared, unsupervised users, and exacerbation of mental illness in
those with or predisposed to psychotic disorders. However, scope of use and associated harms are low
compared to prototypical abused drugs, and the medical model addresses these concerns with dose
control, patient screening, preparation and follow-up, and session supervision in a medical facility.
Conclusions: (1) psilocybin has an abuse potential appropriate for CSA scheduling if approved as med-
icine; (2) psilocybin can provide therapeutic benefits that may support the development of an approv-
able New Drug Application (NDA) but further studies are required which this review describes; (3)
adverse effects of medical psilocybin are manageable when administered according to risk management
approaches; and (4) although further study is required, this review suggests that placement in Schedule
IV may be appropriate if a psilocybin-containing medicine is approved.
This article is part of the Special Issue entitled ‘Psychedelics: New Doors, Altered Perceptions’.
© 2018 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).
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1. Introduction

Psilocybin (4-phosphoryloxy-N,N-dimethyltryptamine) is under
development for the treatment of depression and anxiety for pa-
tients with life-threatening cancer diagnoses (Griffiths et al., 2016;
Grob et al., 2011; Ross et al., 2016). Although at a more preliminary
research state, promising open label results have also been reported
for treatment-resistant major depression (Carhart-Harris et al.,
2016a; Rucker et al., 2017) and addiction to tobacco (Johnson
et al., 2014) and alcohol (Bogenschutz et al., 2015). Such treat-
ments would be in the form of a clinically tested drug product that
would provide psilocybin doses demonstrated to be safe and
effective in a formulation that assures precision in dosing, which is
rarely the case for illicitly consumed mushrooms (Bigwood and
Beug, 1982), and in a clinical framework that would minimize the
possibility of misuse or diversion. These drug formulation and
intervention parameterswould be addressed in an agreed upon risk
management plan and would also likely be addressed in a legally
binding Risk Evaluation and Mitigation Strategies (REMS) plan (U.S.
Food and Drug Administration, 2015). The REMSwould be based on
the studies and approaches used to ensure safe and effective use
and could include: a) limitations on the dose and the number of
doses that could be administered to a given patient, b) adminis-
tration of the drug in clinic settings with psychological support of
specially trained staff, c) a variety of restrictions on distribution,
access and storage, and d) a post-marketing surveillance plan to
provide the FDAwith timely and comprehensive communication of
unintended consequences (Blanchette et al., 2015; Brandenburg
et al., 2017; Dart, 2009; Dasgupta and Schnoll, 2009; U.S. Food
and Drug Administration, 2015; Wu and Juhaeri, 2016).

The benefits of psilocybin in the treatment of depression, anx-
iety and other disorders were first suggested in the 1960s when
psilocybin was marketed in many countries, including the United
States (US) under the trade name Indocybin® by the Swiss phar-
maceutical company, Sandoz. Indocybin® provided a shorter acting
alternative to lysergic acid diethylamide (LSD) which has a similar
primary pharmacological mechanism of action, now known to be
agonist or partial agonist effects at the 5-HT2A receptor (Nichols,
2016). While Indocybin® was used safely as an adjunct to psycho-
therapy, eventually the societal backlash in the US and other
countries in the 1960s (Matsushima et al., 2009) led to a ban on
marketing and possession of “hallucinogenic” drugs in the US in
1965, and led Sandoz to discontinue manufacturing and marketing

of Indocybin® in 1966 (Belouin and Henningfield, 2018; Bonson,
2018; Novak, 1997). The 1970 placement of psilocybin, LSD, and
other “hallucinogens” in Schedule I of the CSA did not reflect an
absence of therapeutic benefit, although the scientific evidence at
the time was mixed. This mixed evidence included strong (at least
for the time) pharmacological studies, as discussed later in this
review, along with clinical studies suggesting potential safety and
efficacy that were nonetheless considered by leading researchers
during the 1960s to be limited and not sufficient to support efficacy
and safety claims for LSD or other hallucinogens. This situation is
discussed by Bonson (2018) in her review of human LSD research
and regulation, and would appear to generally apply to psilocybin,
which was being administered by some of the same research pro-
grams that administered LSD. These limitations in the evidence
base and the rising tide of sensational media accounts of adverse
consequences of classic psychedelic use, discussed later, fueled the
perception by many public and political leaders that psilocybin
posed serious risks to patients and the public that did not outweigh
its benefits (Belouin and Henningfield, 2018; Hofmann, 1980; Nutt
et al., 2013). Therefore, having not been formally approved by the
FDA for therapeutic use, psilocybin was placed in Schedule I of the
CSA in 1970 and remains in Schedule I.1

As discussed in section 1.1, removal from Schedule I can only
occur if a medicinal product containing a Schedule I substance is
approved for therapeutic use as a drug by the FDA. Then, whether it
will be scheduled, and, if so, into what schedule it will be placed,
will be subject to the FDA's abuse potential assessment that will
include an analysis of the 8 factors of the CSA (Drug Enforcement
Administration, 2017a; U.S. Food and Drug Administration,
2017a). As discussed by Calderon, Hunt and Klein in this journal

1 Schedule I of the CSA is reserved for substances determined by DEA to “have a
high potential for abuse, no currently accepted medical use in treatment in the
United States, and a lack of accepted safety for use under medical supervision.” This
includes substances that were determined to warrant placement in Schedule I
when the CSA was enacted into law in 1970, and substances that have not been
approved by the FDA for medical use but were placed in Schedule I based on DEA's
8-factor analysis, or temporarily placed (also commonly termed “emergency
scheduled”) in Schedule I if DEA determines such placement “is necessary to avoid
an imminent hazard to the public safety.” For such scheduling the DEA is required
to consider only factors 4, 5 and 6 of the CSA, namely, the substance's history and
current pattern of abuse; the scope, duration and significance of abuse; and what, if
any, risk there is to the public health, respectively (Calderon et al., 2017; Drug
Enforcement Administration, 2017a; Henningfield et al., 2017; Pinney Associates,
2016; U.S. Food and Drug Administration, 2017a).
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issue, schedule placement is a process that considers “potential for
abuse, medical use, and physical or psychological dependence lia-
bility,” among other lines of evidence (Calderon et al., 2017). For
example, approval of the Schedule I compounds dextrorphan and
difenoxin (with atropine) resulted in dextrophan becoming un-
scheduled, and difenoxin (with atropine) being placed into either
Schedule IV or V, depending on dose. Similarly, the previously
Schedule I compound piperazine was descheduled. Approval of an
oral form of dronabinol (marinol) was initially placed in Schedule II
and, in 1999, rescheduled to Schedule III, leaving cannabis and
forms of dronabinol that were not approved drug products in
Schedule I. As noted by Calderon et al., approved drugs with
hallucinogenic effect vary widely in the scheduling from the
Schedule I status of most hallucinogenic drugs without approved
medical use, to Schedule II phencyclidine, Schedule III ketamine,
and Schedule IV lorcaserin, and the not scheduled 2,5-dimethoxy-
4-iodoamphatamine, also known as DOI (Calderon et al., 2017).

Thus, if an NDA for a psilocybin product is submitted to the FDA
and approved, then the CSA would require its rescheduling, and
schedule placement would be determined by evaluation of its
overall abuse potential (Drug Enforcement Administration, 2017a;
Henningfield et al., 2017; U.S. Food and Drug Administration,
2017a). In fact, as discussed in Belouin and Henningfield (2018)
(in this journal issue), there is increasing evidence supporting the
eventual development and submission of an NDA for a psilocybin-
containing product. Emerging science suggesting benefits of a
psilocybin product warrant an official breakthrough designation by
the FDA to address the large number of cancer sufferers whose
depression and anxiety are not responsive to conventional thera-
pies (Belouin and Henningfield, 2018; Griffiths and Johnson, 2015;
Ross et al., 2016). In addition, advances in risk management and
monitoring, which were absent in the earlier heyday of psychedelic
research, necessitate that we revisit the potential for approving a
classic psychedelic (i.e., psilocybin) as a medicine because risk
management, particularly in the legally binding approach of REMS,
is intended to provide conditions for distribution, use, oversite and
other factors to ensure safe use (McCormick et al., 2009; U.S. Food
and Drug Administration, 2015).

Clinically, chemically, and pharmacologically, psilocybin has
similarities with several substances that were generally termed
“hallucinogens” in the 1950s and have been termed “psychedelics”
since the 1960s. Although both of these terms are sometimes used
to refer to compounds with other primary mechanisms of action
(e.g., ketamine; salvinorin A, methylenedioxymethamphetamine or
MDMA), 5-HT2A receptor agonist compounds, including psilocy-
bin, LSD, mescaline, and dimethyltryptamine (DMT), are specif-
ically referred to as “classic psychedelics” or “classic hallucinogens.”
Although there are similarities in the effects, patterns of use and
past clinical applications of LSD, psilocybin, and other classic psy-
chedelics, the present evaluation is focused on a drug product in
which the active ingredient is psilocybin. Moreover, approval
would include not only the compound, but also its labeling and
restrictions on manufacturing, marketing and use. These additional
domains are critical to the benefit to risk evaluations which are
foundational for drug evaluation and approval (U.S. Food and Drug
Administration, 2017c).

Research and licit clinical use of LSD and psilocybin greatly
slowed in the 1960s as amendments in 1962 and 1965 to the 1938
US Food Drug and Cosmetic Act imposed severe restrictions on
distribution, possession, use, and research (Barrigar, 1964; Bonson,
2018; Grabowski, 1976; Grinspoon and Bakalar, 1979). As discussed
elsewhere in this journal issue and in other publications (Nutt,
2015; Nutt et al., 2013; Scientific American Editors, 2014; Sinha,
2001; Spillane, 2004; Woodworth, 2011), legal restrictions have
greatly constrained research; however, research did not altogether

cease, and began to accelerate by the late 1980s in preclinical lab-
oratories, and in clinical settings by the late 1990s. This resurgence
has been fueled in part by renewed appreciation of the potential
importance of these substances in advancing the science of the
brain and behavior and for their potential significance in the
treatment of disease. Moreover, since the 1970s extensive national
drug use and effects surveillance systems have been developed in
the US, which show that the prevalence of abuse and serious
adverse events associated with psilocybin and other classic psy-
chedelics are relatively low compared to other major classes of
abused drugs (Johnson, Hendricks, Barrett, Griffiths, submitted). In
addition to the more recent clinical research, the reassuring results
from these epidemiological data also increase interest in the eval-
uation of psilocybin as a potential therapeutic medicine (Roseman
et al., 2017; Rucker et al., 2017). Because the FDA approved thera-
peutic medicines cannot be listed in Schedule I of the CSA,
consideration of changes in scheduling recommendations becomes
an important part of the clinical development of psilocybin. As
discussed in this review the evidence continues to support the
conclusion that if a psilocybin drug product was approved by the
FDA, CSA scheduling would remain appropriate. Considerable
additional study will be required for the development of an FDA-
acceptable NDA, including the abuse potential assessment section
of the NDA according to the FDA's abuse potential assessment
guidance (U.S. Food and Drug Administration, 2017a). Thus, it is
premature to come to a definitive conclusion about which schedule
would be most appropriate. This review is intended to stimulate
further research and thinking in this area through its evaluation of
key abuse potential-related science presently available and
considered through the approach of the CSA 8-factor analysis
which is the key approach of the CSA for developing scheduling
recommendations. The review includes a preliminary scheduling
conclusion based on the research considered and the opinions of
these authors, along with key gaps in the research that will also
likely be of importance to the FDA.

1.1. Abuse potential and drug scheduling in the context of the CSA

The scheduling process for new drugs officially commences
upon approval of the product by the Controlled Substances Staff
(CSS) of the FDA, who provide an 8-factor analysis based, in part, on
the sponsor's submission of an NDA that includes the sponsor's
abuse potential assessment that has been prepared according to the
recommendations in the FDA's guidance for sponsors: Assessment
of the Abuse Potential of Drugs (U.S. Food and Drug Administration,
2017a). The FDA obtains review and input from the National Insti-
tute on Drug Abuse (NIDA). Then, the Assistant Secretary of the US
Department of Health and Human Services transmits her/his
recommendation to the Drug Enforcement Administration (DEA)
within the Department of Justice (DOJ). Since the spring of 2016, the
schedule recommendation by the Department of Health and Hu-
man Services must be accepted and finalized by the DOJ/DEA
within 90 days unless there is a compelling basis for placement in a
different schedule (U.S. Congress, 2015). Finalization of the sched-
uling action will follow the standard federal rulemaking process
(U.S. Food and Drug Administration, 2015; U.S. Office of the Federal
Register, 2011).

The scientific assessment of the abuse potential (also commonly
referred to as “abuse liability” and “addiction potential”) is based on
the scientific evaluation of substances going back to the early
twentieth century search for less abusable analgesics (Jasinski et al.,
1984). By the 1960s such evaluations included stimulants, seda-
tives, and psychedelics. This science and its methods of assessment,
along with other considerations including population level public
health impact, were brought together in the 1970 CSA in the form of
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8 specific factors for the assessment of what was then termed
“abuse potential.” That term recognized that problematic use of
substances could occur in people who were not physiologically
dependent or addicted, and by drugs (e.g., cocaine, cannabis, LSD
and psilocybin) for which it was unclear (at the time) if they posed
a physiological dependence risk.

Analysis of all 8 factors is required to guide the FDA and DEA
recommendations for CSA scheduling of approved medicines (Drug
Enforcement Administration, 2017a; U.S. Food and Drug
Administration, 2017a). Consistent with the observations that
abuse potential varies widely across substances, approved medi-
cines can vary from control in Schedule II to Schedule V (i.e., C-II to
C-V), in which C-II is for those of greatest concern (e.g., cocaine,
morphine, and phencyclidine), C-V is for those of sufficient concern
to warrant control but for which abuse potential appears lowest
among controlled substances (e.g., low dose codeine in combina-
tion with acetaminophen, lacosamide, and pregabalin). Of inter-
mediate concern for control is Schedule IV, which includes
diazepam, mazindol and tramadol, and Schedule III, which includes
dronabinol, ketamine, and nalorphine.

1.1.1. FDA is the sponsors’ focal point for the NDA including its abuse
potential assessment

The FDA is the focal point for abuse potential assessment, and
works with the sponsor to determine the range of studies needed to
enable its review of the NDA in order to determine approvability,
the scheduling recommendation, and all aspects of labeling (some
of which are based on the abuse potential assessment and sched-
uling). The NDA's abuse potential assessment submission required
by the FDA is comprised of 5 modules that include the sponsor's
scheduling proposal and rationale in Module 1, and a summary and
thorough discussion of all abuse related nonclinical and clinical
data in Module 2. Modules 3, 4 and 5 include complete study
protocols and data addressing chemistry, in vitro and nonhuman
pharmacology, and clinical studies including the integrated sum-
mary of safety (ISS), respectively. The sponsor need not submit an
8-factor analysis but sponsors often include one in their module 1
rationale.

The present 8-factor analysis benefits from the fact that psilo-
cybin is not a new chemical entity devoid of real world (i.e.,
“community”) data. Rather we have been able to draw from more
than a half century of research and various types of therapeutic use,
as well surveillance epidemiology. However, it suffers from the fact
that most of the research has not been conducted as part of a
cohesive sponsored drug development program that had FDA input
throughout much of development. Thus, in this review we attempt
to note particular strengths and weaknesses in studies and gaps in
the study portfolio that will likely need to be addressed before filing
an NDA.

2. Evaluation of the abuse potential of psilocybin according
to the 8 factors of the CSA

The following 8-factor evaluation of psilocybin may be consid-
ered a substantially abbreviated effort compared to the 100-200
page Module 1 and Module 2 abuse potential assessment submit-
ted as part of a potential NDA, though substantially more detailed
than the summary 8-factor analysis that might be prepared by the
FDA and published by DEA in the US Federal Register in support of
their scheduling recommendations (Drug Enforcement
Administration, 2002; 2013, 2014, 2017b).

2.1. Factor 1: Actual or relative potential for abuse

Although the 1970 placement of psilocybin in Schedule I

impeded research, more than a half century of research, clinical
experience, and surveillance provide a substantial basis for evalu-
ating the abuse potential of psilocybin according to Factor 1 and the
seven additional factors. This experience has shown that psilocybin
does have a potential for abuse, with preclinical and clinical studies
providing information about this potential for abuse relative to
other substances, scheduled and nonscheduled.

2.1.1. Preclinical studies
Psilocybin has been evaluated in a variety of preclinical models

of physical dependence and abuse potential, yielding qualitatively
generally similar findings with LSD. These similarities included
increased pulse, respiratory rate, and pupil diameter but no phys-
ical dependence or withdrawal (Martin, 1973). Preclinical models of
abuse potential suggest weak reinforcing effects and weak stimulus
generalization to substances of high abuse potential (Baker, 2017;
de Veen et al., 2017; Fantegrossi et al., 2008). For example, Fante-
grossi, Woods and Winger (Fantegrossi et al., 2004) evaluated the
classic psychedelic compounds N,N-dimethyltryptamine (DMT),
mescaline, and psilocybin in rhesus monkeys with histories of self-
administering 3,4-methylenedioxymethamphetamine (MDMA), a
compound which is not a classic psychedelic but which produces
some overlapping subjective effects in humans (Studerus et al.,
2010). As shown in Fig. 1, none of the classic psychedelics gener-
ated reliable self-administration, though during occasional ses-
sions, animals self-administered all available doses and appeared
intoxicated post-session. The study authors concluded “… the
present data provide further evidence that several classic psyche-
delic drugs from two distinct structural classes do not reliably
maintain contingent responding in rhesus monkeys." This pattern
of sporadic self-administration may indicate that these compounds
have weak reinforcing effects, or, alternatively, mixed reinforcing
and aversive effects.”

The apparent weak reinforcing effects of psilocybin and other
classic psychedelics may account for why there have been relatively
few nonhuman studies examining reinforcement models. In
contrast, many more nonhuman research studies with classic
psychedelics have used drug discrimination models. Discriminative
stimulus effects refer to the ability of a drug, upon administration,
to serve as a cue that can predict environmental contingencies, e.g.,
which of two levers will result in the delivery of a reward if pressed.
Discriminative stimulus effects can therefore be thought of as the
ability of the drug to be recognizable to the organism (and therefore
serve as a cue). Discriminative stimulus effects are different from
reinforcing effects, and have different biological bases (Johnson and
Ettinger, 2000). Discriminative stimulus effects may be relevant to
drug reinforcement when a test drug reliably substitutes in
discrimination testing for a drug with well-established reinforcing
effects, e.g., when a drug reliably substitutes for amphetamine. In
such cases it is likely (although not certain) that the test drug will
also be shown to be reinforcing when directly tested with self-
administration procedures. Discrimination studies have strongly
contributed to our understanding of psilocybin and other classic
psychedelics. For example, Harris and Balster compared psilocybin
to amphetamine in a rodent model for assessing behavioral and
discriminative effects (Harris and Balster, 1971). They found that
psilocybin served as a discriminative stimulus but that these
stimulus-control effects were weak compared to amphetamine.
Schechter and Rosecrans (1972) employed a T-maze discrimination
procedure and found psilocybin and mescaline, but not amphet-
amine, reliably substituted for LSD in rats trained to discriminate
LSD from saline. Similarly, another study found the psilocybin failed
to substitute for amphetamine in rats trained to discriminate
amphetamine from saline (Kuhn et al., 1974). In another study rats
trained with psilocybin generalized fully to psilocin (the active
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metabolite of psilocybin) and to LSD but not to mescaline, which is
considered a classic psychedelic of the phenethylamine-based
structural class rather than the tryptamine-based structural class
of which psilocybin is a member (Cunningham and Appel, 1987;
Koerner and Appel, 1982). Another study, however, found that
psilocybin fully substituted for mescaline in rats trained to
discriminate mescaline from saline (Appel and Callahan, 1989). A
study in pigeons found psilocybin to fully substitute for LSD in LSD
trained subjects (Jarbe, 1980).

Winter et al. (2007) evaluated psilocybin and other classic
psychedelics following treatment with several antagonists for
specific serotonin receptor subtypes. They concluded: “the present
data indicate that the stimulus properties of psilocybin in the rat
are broadly compatible with those of other ergoline, indoleamine,
and phenethylamine classic psychedelics. However, significant
differences are apparent as well” and “psilocybin induces a com-
pound stimulus in which activity at the 5-HT2A receptor plays a
prominent but incomplete role” and “the full generalization of
psilocybin to LSD and to DOM is completely blocked by the selec-
tive 5-HT2A receptor antagonist, M100907, but stimulus control by
psilocybin is only partially antagonized by M100907” (Halberstadt
and Geyer, 2011; Winter et al., 2007).

These studies confirm that psilocybin produces discriminative
effects that do not generalize to amphetamine, and psilocybin does
not substitute in amphetamine trained animals. Moreover, psilo-
cybin discriminative effects are likely mediated by psilocin, the
active metabolite produced in vivo by dephosphorylation of psilo-
cybin (Passie et al., 2002). In addition, findings demonstrate that
psilocybin produces weak and transient reinforcing effects that are
consistent with community level observations (also see Factor 4)
suggesting that the vast majority of people who have used psilo-
cybin do not develop compulsive patterns of use. Instead, more
typically individuals report only a few uses of psilocybin, consistent
with a substance of low overall abuse potential. The findings also

suggest a need for additional studies to better understand the
mechanisms of action of psilocybin and other psychedelic sub-
stances and how these may contribute to their apparent low overall
abuse potential (Baker, 2017; Hayes and Greenshaw, 2011).

2.1.2. Human abuse potential assessment
Psilocybin has not been examined in an abuse potential study

that would meet the criteria recommended by the FDA in its 2017
Guidance: Assessment of the Abuse Potential of Drugs; however,
many clinical laboratory studies have been conducted since the
mid-1950s in which key measures of abuse potential have been
assessed. This work began at the US Public Health Service Addiction
Research Center (ARC) of the National Institute of Mental Health,
during the time that the methods of human abuse potential were
being developed. Studies with psilocybin and LSD contributed to
the development of abuse potential assessment methods, in part
because it was quickly recognized that they differed in several key
respects from opioids, sedatives, and stimulants which were then
emerging as prototypic substances of abuse. In contrast to these
drugs, any abuse potential-related effects associated with LSD,
psilocybin, and related substances appeared to be unreliable and
limited to specific conditions such as time of assessment, dose, and
individual, social and experiential factors. In further contrast, the
predominant andmost reliable effects seemed to be effects thought
to limit use and abuse (e.g., fear, anxiety, dysphoria, and physical
discomfort including gastrointestinal upset). Thus, a leading
addiction scientist and director of the ARC, Dr. William Martin,
stated the following in a 1973 review of preclinical studies of psy-
chedelic drugs: “The abuse of LSD-like hallucinogens came as
somewhat of a surprise to many of the early experimenters with
these drugs” (Martin, 1973, p. 149). Nonetheless, while he did
acknowledge that certain doses of LSD could produce pleasure in
some volunteers (Belleville et al., 1956), Martin's (1973) review
indicated that most of the preclinical and clinical findings of the

Fig. 1. The two upper panels show mean response rates (±SEM) during self-administration of classic psychedelic compounds by rhesus monkeys making lever presses under an FR-
30 schedule of reinforcement. Left panel shows psilocybin and DMT; right panel shows mescaline and 4-iodo-2,5-dimethoxyphenylisopropylamine (DOI). The two bottom panels
show the corresponding mean number of injections earned (±SEM) during these self-administration sessions. For all panels, the light horizontal lines show the range for saline
response rates (upper panels) and saline injections earned (bottom panels; with the bottom of the range at 0). For all panels, n¼ 4. Figure from Fantegrossi et al. (2004), Fig. 1.
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1950s and 1960s were not indicative of a prototypic drug of abuse.
Psilocybin studies at the ARC commenced a few years following

studies of LSD, with the first human reports published in 1959 by
Isbell (1959a; b). The initial studies occurred early in the develop-
ment of human abuse potential assessment research when human
volunteers with histories of substance abuse were evaluated for
potential euphoriant effects, which were considered predictive of
abuse potential (Isbell, 1956). These studies contributed to the
development of human abuse potential assessment as measures
evolved to characterize not only the euphoriant effects that char-
acterized opioids and stimulants, but also the dysphoric effects that
distinguished classic psychedelics such as LSD and psilocybin. At
the same time theories of addiction and addiction liability assess-
ment were evolving from the focus on physical dependence and
withdrawal that had dominated the prior few decades of opioid-
focused studies to a greater focus on the acute subjective and
behavioral effects of drugs that contributed to their self-
administration and abuse, regardless of whether physical depen-
dence and withdrawal were evident (Isbell, 1956; Wikler, 1961).

During the 1950s and 1960s, the ARC demonstrated that among
the strongest predictors of abuse potential was the reliable and
dose-related production of euphoriant effects as measured by self-
reported, and observer-evaluated effects including liking of the
drug, apparent pleasure, confidence, and sense of well-being
(Isbell, 1956). These findings led to development of systematic
approaches to the assessment of drug liking, drug type identifica-
tion, and frequent physiological correlates including pupil diameter
and withdrawal symptoms (Fraser et al., 1961; Jasinski and
Henningfield, 1989; Jasinski et al., 1984). The methods developed
have continued to be refined over the past half century and remain
the foundation for human abuse potential assessment studies
(Carter and Griffiths, 2009; Griffiths et al., 2003; U.S. Food and Drug
Administration, 2017a).

In the early 1960s, an important addition to the study of human
abuse potential was the development of the ARC Inventory (ARCI), a
participant-completed questionnaire. Studies of LSD and psilocybin
contributed to the development of this questionnaire and a broader
understanding of abuse (Haertzen and Hickey,1987; Haertzen et al.,
1963; Hill et al., 1963). Table 1 provides more background on the
ARCI and its importance in characterizing the abuse potential of
LSD and psilocybin. The full ARCI contained more than 500 items,
however, 49 items or fewerwere found to provide valid and reliable
characterization of abuse-related qualitative effects of several cat-
egories of drugs with various subscales emerging from studies of
drug administration in human volunteers. The most prominent
predictor of abuse potential was the Morphine Benzedrine Group
(MBG) scale that came to be accepted as an important measure of
euphoria. In contrast, a scale that was derived from LSD studies, the
LSD scale, came to be known as the dysphoria and psychotomi-
metic scale, which captured fear and anxiety and seemed to predict
low abuse potential. LSD and psilocybin most reliably elevated
scores on the LSD scale, but frequently also, at a certain dose and in
some individuals, elevated scores on theMBG scale, but generally at
a lesser magnitude than opioids and stimulants (Haertzen and
Hickey, 1987; Jasinski and Henningfield, 1989; Jasinski et al., 1984).

A seminal study that was that published by Isbell in 1959 found
that psilocybin produced qualitatively similar effects to LSD with
spontaneously reported onset of subjective effects at about
10e15min following oral ingestion (Isbell, 1959a). In contrast to the
initial euphoric effects that characterized opioids, stimulants, sed-
atives, and cannabis, Isbell found that the initial effects of psilocy-
bin were more likely to include anxiety along with altered
sensations. These effects were often followed within the next
15min by increasingly strong anxiety and fear, visual distortions
and difficulty thinking, though some subjects experienced elation

and expressed “continuous gales of laughter” (p. 32). He concluded
that LSD was approximately 100e150 times as potent as psilocybin
on subjective effects and physiologic measures including increased
pupil diameter, heart and respiratory rate, and reduced threshold of
the patellar reflex, with similar time course of onset but shorter
duration of effects by psilocybin compared to LSD. Additional ARC
studies are described in factor 2 as they pertain to understanding
the mechanisms of action of psilocybin.

2.1.3. Clinical trials relevant to abuse potential assessment since
2000

Since 2000 there have been several clinical trials that have
includedmeasures related to the assessment of abuse potential. For
example, one study (Griffiths et al., 2011) showed that all four oral
doses of psilocybin examined (~0.071, ~0.143, ~0.286, and
~0.429mg/kg) produced statistically significant increases over
placebo for both the A (amphetamine) scale and LSD scales of the
ARCI. The MGB scale did not significantly differ between placebo
and psilocybin at any dose. Another study (Bogenschutz et al., 2015)
included a short form of the ARCI. Unfortunately, the open label
study was neither placebo controlled, nor did it include a positive
control for comparison. Such conditions are especially important
for drugs that produced mixed and weak signs of abuse potential.
Nonetheless, their findings were typical of those previously
observed for psilocybin and LSD. The authors observed weak ele-
vations of both the MBG and LSD scales following oral adminis-
tration of 0.3 and 0.4mg/kg psilocybin, in volunteers with histories
of alcohol dependence. Whereas these effects do not indicate
substantial abuse potential, they cannot be used to rule out sig-
nificant potential for abuse because in the absence of comparators,
the weak MBG effect might be related to the population and other
design aspects of the study. This study, like others discussed in
Factor 6 (Griffiths et al., 2016; Ross et al., 2016) also documented
reports of acute elevations in fear and anxiety in some patients that
are predictive of low abuse potential as well as a subsequently
emerging sense of contentment that is not associated with a strong
motivation to use repeatedly and chronically. It is also important to
note that these recent studies have gone to further lengths to
maximize the pleasantness of the physical environment and
establish interpersonal rapport between participants and staff
(Johnson et al., 2008) compared to the older ARC studies. Therefore,
MBG scores in these recent studies might overestimate the drug
euphoria that would be experienced in a less than optimal envi-
ronment. As in Factor 6, the mixed acute subjective effects of psi-
locybin included fear, anxiety, pleasure, happiness and
contentment, and thus are consistent with those of the early 1960s
from the ARC, however, these studies were not designed as human
abuse potential studies and the putative abuse potential related
effects must be interpreted cautiously. In particular, the partici-
pants in the recent cancer trials (Griffiths et al., 2016; Ross et al.,
2016) were patients with severe anxiety and or depression whose
therapeutic improvements in mood were long-lasting and not
necessarily reflective of abuse potential.

2.2. Factor 2: Scientific evidence of its pharmacological effect

It has been estimated that there were more than one thousand
scientific and clinical studies of classic psychedelics including LSD
and psilocybin published through the 1960s (Drug Enforcement
Administration, 1995; Grinspoon, 1981; Grinspoon and Bakalar,
1979; Johnson and Griffiths, 2017), and several thousand more
published since the 1960s (Sellers et al., 2017).

Initial conclusions drawn by ARC researchers have been repli-
cated by others as discussed in various reviews (Johnson et al.,
2008; Nichols et al., 2017). In brief, in addition to physiological
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and behavioral effects discussed in Factor 1, it was demonstrated
that repeated dosing produces diminished effects (tolerance) and
that cross-tolerance occurs between psilocybin and LSD (Abramson
et al., 1960; Isbell et al., 1961), but not to tetrahydrocannabinol
(THC) indicating different mechanisms of action (Isbell and Jasinski,
1969). Effects of psilocybin are qualitatively similar to those pro-
duced by mescaline, however, mescaline is less potent but longer
acting (Wolbach et al., 1962). The effects of psilocin are the same as
those by psilocybin except that it is more potent and shorter acting
than psilocybin (Isbell et al., 1961). It is now understood that psi-
locybin is a pro-drug, converted by dephosphorylation to the
pharmacologically active psilocin (Nichols et al., 2017; Passie et al.,
2002). Strong early support for this contention was provided by
data showing that although psilocin is slightly more potent than
psilocybin, the ratio difference in potency between the two com-
pounds (in both humans and nonhumans) is nearly identical to the
ratio of their respective molecular weights (i.e., they are equipotent
on a molecular basis) (Koerner and Appel, 1982; Wolbach et al.,
1962). Isbell and Logan (1957) demonstrated that chlorpromazine
administration reduced and could partially reverse the effects of
LSD. Nonetheless, the pharmacology and mechanisms of action of
psilocybin and LSD are similar in many respects, although psilo-
cybin is shorter acting and at least 100 times less potent than LSD
(Isbell, 1959a; Sellers et al., 2017). Research has also shown the 5-
HT2A antagonist ketanserin to block most of the effects of psilo-
cybin (Kometer et al., 2012, 2013; Quednow et al., 2012;
Vollenweider et al., 1998), although ketanserin does not block
certain psilocybin effects including the slowing of binocular rivalry,

reductions in arousal/vigilance (Carter et al., 2007), and attentional
impairment (Carter et al., 2005).

More than 100 species of mushrooms, in the genus Psilocybe,
contain psilocybin (Johnson and Griffiths, 2017; Stamets, 1996). Its
agonist activity at the 5-hydroxytryptamine (HT)2A receptor ap-
pears to account partially for its behavioral effects, however, the
mechanisms of action of its full range of effects have not been fully
elucidated (Nichols, 2016; Winter et al., 2007). Psilocybin is a
substituted indolealkylamine and with diverse serotonergically
mediated effects and little affinity for dopamine D2 receptors
(Halberstadt and Geyer, 2011; Passie et al., 2002). It is among the
structural class of classic psychedelics based on the tryptamine
structure, including an indole ring (Passie et al., 2002). Albert
Hofmann, the discoverer of LSD and chemist at the Swiss Sandoz
Pharmaceutical Company, isolated psilocybin from Central Amer-
ican mushrooms (Psilocybe mexicana) in 1957, and synthesized the
substance in 1958 (Passie et al., 2002). Its binding to and agonist
effects at 5-HT2A serotonin receptors are associated with dilation
of the pupils (mydriasis), reduced threshold for knee reflex, and
commonly increased heartrate and blood pressure, and feelings of
nausea (Isbell, 1959a; b). Its effects onmood and feeling can include
visual and auditory hallucinations, distortion of visual and auditory
stimuli, altered temporal sense, and alteration of body image. Its
effects have the potential to mimic psychotic states which
contributed to its designation, along with LSD, as a psychotomi-
metic. The effects that contribute to introspection and often
increased receptivity to advice and psychotherapy contributed to
its use in psychotherapy, as well as to investigations by

Table 1
The Addiction Research Center Inventory.

Through the 1950s the term for assessing potential addictive and abuse-related drug effects was “addiction liability” assessment and themajor focus of assessment was on
the development of tolerance and the emergence of withdrawal signs and symptoms upon discontinuation of drug administration (Himmelsbach and Andrews, 1943).
In the late 1950s Isbell, Frazier and colleagues at the ARC came to conclude that themood and behavior altering effects of drugs contributed to andwere predictive of the
risk of abuse and addiction and that these could be evaluated by psychometric instruments. The simplest and most commonly relied upon measure in human abuse
potential studies to support NDAs to the FDA is the drug liking scale that was originally a five-point scale in which subjects rated their liking of the drug from 0 (not at
all) to 4 (an awful lot). This scale development benefitted from the then recent observations of Beecher (Beecher, 1952, 1957) who demonstrated that such scales could
be used to reliably assess pain and analgesia (Beecher, 1952, 1957; Lasagna et al., 1955). Such positive mood alterations could be produced by drugs of abuse that were
not then known to produce physical dependence and withdrawal, and by single doses of opioids in former opioid users (referred to as “post-addicts”) who were no
longer physically dependent (Jasinski, 1977; Jasinski and Henningfield, 1989; Jasinski et al., 1984; U.S. Food and Drug Administration, 2017a).

As predominant theories of addiction at the time included the potential importance of personality disorders, a psychologist who was expert in the Minnesota Multiphasic
Personality Inventory and testing, Charles Haertzen, was hired in 1959, to take the lead in developing a comprehensive instrument to better characterize and
differentiate the several categories of substances that were abused as well as the personality characteristics of those who used them. The resulting Addiction Research
Center Inventory (ARCI) contained more than 500 true and false items, but shorter versions containing 40 or 49 items were most commonly used in human abuse
potential studies. The ARCI scale that provided the most robust indicator of high abuse potential was the Morphine Benzedrine Group (MBG) scale, commonly referred
to as the “euphoria” scale because it was empirically derived based on the response of volunteers to the prototypic euphoriants morphine and Benzedrine® (hence, the
MBG scale) which produced robustly elevated mood and feeling states. In contrast, a scale based on responses to LSD (LSD scale) was distinguished by a cluster of items,
that included unpleasant, dysphoric, or psychotomimetic responses to LSD (hence the LSD scale) that were associated with a lower propensity to compulsively or
frequently self-administer the substance; it was often referred to as the “dysphoria” scale (Hill et al., 1963; Jasinski et al., 1984). It also included scales based on clusters
of items that were associated with amphetamine administration (the A scale) and one that reflected the somewhat overlapping and sedating effects of pentobarbital,
chlorpromazine, and atropine group of drugs (the PCAG scale). Most drugs of high abuse potential produced elevations in the scores on the MBG scale as well as on the
specific scale that reflected their pharmacological class. Thus, alcohol, barbiturates, opioids, and stimulants could all increase MBG scale robustly as well as the scale that
was specific to their class. Chlorpromazine and atropine, by contrast, which were rarely abused, did not reliably elevate MBG scale scores but might elevate LSD scale
scores. LSD elevated LSD scale scores and sometimes elevatedMBG scale scores and liking scores, reflecting their overall low abuse potential and diverse effects that can
range from fear and anxiety to pleasure, depending much on dose, time since drug, experience, and other factors (Griffiths et al., 2008).

Examples of a few of the items that distinguished drugs likely to elevate scores on the MBG scale as compared to items characterizing the LSD scale are the following: “I
would be happy all the time if I felt as I do now” - scored positively on the MBG scale and negatively on the LSD scale; “I am in the mood to talk about the feeling I have”
and “I feel more clear-headed than dreamy” - were both score positively on the MBG scale and were not included on the LSD scale. The LSD scale also contained
numerous items reflective of mixed mood effects, e.g., “I feel anxious and upset” and “I have a weird feeling” e both scored positively; negatively scored items included
“I feel very patient”, and “My movements are free, relaxed and pleasurable”; and, items reflective of introspection and negative feelings included “I have a negative
disturbance in my stomach”, “Some parts of my body are tingling”, and “It seems I'm spending longer than I should on each of these questions” (Haertzen and Hickey,
1987; Jasinski and Henningfield, 1989).

Over more than 50 years of research, it became clear that drugs with the highest overall abuse potential were those that produced robust increases in scores on drug liking
scale and the MBG scale, and low effects on the LSD scale (Griffiths et al., 2018; Griffiths and Balster, 1979; Haertzen and Hickey, 1987; Jasinski and Henningfield, 1989;
Jasinski et al., 1984). Liking scales have since evolved into the more commonly used 100-point (or 100mm) visual line analog scales and the ARCI often replaced with
scales to assess positive (pleasant) and negative (unpleasant) effects as described in early 2000 expert reviews and advised by the FDA in its abuse potential assessment
guidance (Carter and Griffiths, 2009; Griffiths et al., 2003; U.S. Food and Drug Administration, 2017a).

The ARCI helped elucidate a major difference in nature and magnitude of the abuse potential that is associated with psychedelics, as compared to substances that carry a
high risk of compulsive patterns of repetitive use and abuse including amphetamine, cocaine, the cigarette form of nicotine delivery, prototypic opioids, and sedatives,
as compared to substances with substantially lower potential for compulsive use and abuse, such as LSD and psilocybin (see also Table 1).
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psychologists and psychiatrists in efforts to better understand the
moods and states of their patients (Hofmann, 1980; Matsushima
et al., 2009; Passie et al., 2002).

Studies of LSD began in the 1940s with many of the same lab-
oratories, including Sandoz, investigating the generally similar-
acting psilocybin in the 1950s and 1960s. However, as discussed
above in Factor 1, caution must be made in generalizing findings,
including mechanisms of action, from LSD to psilocybin and vice
versa. The resurgence of research beginning slowly in the 1970s and
accelerating in particular since the 1990s has been rapidly
increasing the understanding of the effects and mechanisms of
action of psilocybin, including its general safety and the conditions
of safe use (Griffiths et al., 2008; Nichols et al., 2017).

2.2.1. Tolerance and physical dependence
Tolerance refers to decreased response with repeated adminis-

tration of a drug. Tolerance to the psychological and physiological
effects of psilocybin is strong. Moreover, there is cross-tolerance
between psilocybin and LSD. However, physical dependence and
withdrawal, which refer to adverse effects upon discontinuing
repeated use of a drug, have not been documented (Abramson et al.,
1956; Abramson and Rolo, 1965; Balestrieri, 1967; Isbell, 1959a;
Isbell et al., 1961; Passie et al., 2002; Wolbach et al., 1962). It is
plausible that the FDA would recommend that sponsors collect a
more rigorous evaluation of physical dependence and withdrawal
in animals consistent with its 2017 abuse potential guidance,
perhaps as part of a safety evaluation of high dosages. However, it is
also plausible that the FDA might not require such additional
studies given that there is little evidence that psilocybin produces
physical dependence and withdrawal, and the treatment protocols
under investigation would not involve repeated daily dosing.

2.2.2. Toxicity
Unlike prototypic opioids and sedatives of abuse, psilocybin

carries a low risk of overdose toxicity by respiratory depression or
cardiovascular events or other causes of death associated with
substances of abuse. The LD50 of intravenous psilocybin has been
determined to be above 250mg/kg (with 200mg/kg killing no
animals, and 250mg/kg killing a small portion of animals (Cerletti,
1958). Its lethal dose in humans has been theoretically estimated at
approximately 1000 times an effective dose (Gable, 2004), which is
an amount that is likely not possible for an individual to consume
when in the form of psilocybin-containing mushrooms. The au-
thors are aware of only one documented case of acute overdose
poisoning death likely caused by psilocybin (Lim et al., 2012).
Specifically, a 24-year old female, who had received a heart trans-
plant 10 years prior due to end-stage rheumatic heart disease,
experienced cardiac arrest 2e3 hr after consuming psilocybin-
containing mushrooms, and subsequently died. Toxicology
revealed only psilocin (active metabolite of psilocybin) and THC.
Thus, the only known acute fatal overdose from psilocybin appears
to be in a medically compromised individual. Given psilocybin's
moderate pressor effects, individuals with such serious cardiac
vulnerability would be excluded from recently approved psilocybin
trials and should be excluded from any potential non-research
future approved clinical use.

One study examined isolated nonhuman animal organs and
found no significant effect in the rat uterus or the guinea pig du-
odenum or seminal vesicle (Cerletti, 1958). Administering relatively
large doses to waking nonhuman animals of a variety of species led
to acute autonomic effects including mydriasis, piloerection, hy-
perglycemia, hypertonia, and pulse and breathing irregularities
(Cerletti, 1958), with similar effects later observed in Rhesus ma-
caques (Horibe, 1974; Passie et al., 2002). A micronucleus study in
mice found no evidence that psilocybin administration resulted in

chromosome breaking (Van Went, 1978).
Hollister reported that human administration of psilocybin

resulted in decreased urinary excretion of inorganic phosphorus
and reduced circulating eosinophil levels, as well as pupillary
dilation and increased deep tendon reflexes (Hollister, 1961). In
addition, Hollister (1961) reported on a single participant who was
administered psilocybin on a daily basis for 22 days, with doses
ranging from 1.5 to 27mg per day. Before and during that course of
administration, no chronic changes were observed for any metric
assessed: total leukocyte count, absolute eosinophil count, hemo-
globin, curea nitrogen, creatinine, glucose, serum proteins, chol-
inesterage activity, serum glutamic-oxaloacetic transaminase titer,
cholesterol and EEG tracing. Gouzoulis-Mayfrank et al. (1999)
found that human psilocybin administration resulted in no
change in cortisol, prolactin, or growth hormone. Johnson et al.
(2012) found that in a within-subject, double-blind, placebo-
controlled study, oral psilocybin (0, ~0.071, ~0.143, ~0.286, and
~0.429mg/kg) caused headaches which were dose-dependent in
terms of incidence, duration, and severity. Headaches had delayed
onset relative to subjective drug effects, were transient, and ceased
within 24 hr of psilocybin administration. Although mechanisms
response for these delayed onset headaches are not known, one
possible mechanism is nitric oxide release.

2.2.3. Pharmacodynamics
The acute effects of psilocybin have been studied in animals and

humans over a broad range of doses over several decades (Isbell
et al., 1961; Johnson et al., 2008; Nichols et al., 2017; Wolbach
et al., 1962). Like other classic psychedelics, the acute psychologi-
cal effects following psilocybin administration are varied and often
intense, although strongly dose-dependent and dependent on the
interpersonal and physical environment (Griffiths et al., 2011;
Hasler et al., 2004; Johnson et al., 2008). These psychological effects
often include perceptual changes that are primarily visual but can
also include synesthesia across sense modalities, emotional
changes in which both positive and negative emotions can be far
more intense than normal, cognitive changes that can include al-
terations in time perception, and an introspective focus on personal
history, life relationships and circumstances, and changes in sense
of self (Johnson et al., 2008). In a retrospective analysis of 409
psilocybin administrations to 261 healthy participants by a single
research group, a few interpersonal factors among many were
found to influence psilocybin response (Studerus et al., 2012).
Specifically, high trait absorption scores, being in an emotionally
excitable and active state before administration, and having fewer
recent psychological problems all predicted pleasant and mystical-
type effects, while high trait emotional excitability, younger age,
and a PET imaging setting, all predicted unpleasant or anxious ef-
fects (note that pleasant and unpleasant effects within the same
session are not mutually exclusive).

The early studies by Isbell and colleagues documented the time
courses of onset of autonomic and psychological effects, generally
beginning within 30min of oral ingestion, peaking within 1e2 h,
and subsiding over the next few hours, with a duration of action
shorter than those produced by LSD and mescaline (Wolbach et al.,
1962). Since 2000, several studies have been conducted in which
the pharmacodynamics have been evaluated over multiple mea-
sures and doses. Hasler et al. investigated the acute psychological
and physiological effects of oral psilocybin in a double-blind, pla-
cebo-controlled study in healthy volunteers at dose of 0, 0.045,
0.115, 0.215, and 0.315mg/kg administered in a cross-over design at
intervals of at least two weeks (Hasler et al., 2004). Measures
included cardiovascular variables, plasma concentrations of a
several hormones, and several measures of mood, subjective
response and behavioral performance. Blood samples were
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collected pre-dosing and at 105 and 300min post-administration.
Blood pressure was measured 30min pre-dosing and at 5, 30, 60,
90, 120, 165, and 210min post-administration. Electrocardiograms
(EKG) were continuously monitored for 24 hr. The main findings
were orderly dose- and time-dependent effects that were signifi-
cantly altered at many measures and timepoints. Subjective effects
began to onset about 20e40min post-administration, peaking at
about 60e90min and diminishing over the next 60e90min. One
subject became markedly anxious at the 0.315mg/kg dose and his
anxiety gradually subsided to complete resolution within 6 hr after
drug administration. No significant changes were observed in EKG
or body temperature, but prolactin, thyroid-stimulating hormone,
adrenocorticotropic hormone, and cortisol were increased by at
least the 0.315mg/kg dose. Another dose effect study of psilocybin
ranging into higher doses examined 0, ~0.071, ~0.143, ~0.286, and
~0.429mg/kg using a placebo-controlled, double-blind, crossover
design (Griffiths et al., 2011). Sessions were 1 month apart, and a
14-month follow-up was conducted. Acute psychological effects
largely replicated those shown in the earlier study, with time
course data showing orderly dose- and time-related effects. In
addition, this study found that 39% of participants reported
extreme anxiety/fear for at least one of the two highest doses. End
of session data showed psilocybin caused significant dose-related
increases in mystical experience using the Mystical Experience
Questionnaire. Moreover, a month after sessions, the experiences
associated with the two highest doses were rated as having sub-
stantial personal and spiritual significance. Participants attributed
improvements in attitudes, mood, and behavior to the two highest
doses. At the 14-month follow-up, such ratings were largely un-
changed from ratings made a month after each session. Improve-
ments in attitudes, mood, and behavior were also observed in dose-
blinded community members who had regular contact with
participants.

More recently, two clinical trials discussed below in Factor 6
(Griffiths et al., 2016; Ross et al., 2016) also documented the time
course of several physiological, mood and behavioral variables.
However, persisting for far longer than these acute effects were the
therapeutic effects. Specifically, both studies showed that psilocy-
bin caused significantly and clinically significant reductions in
symptoms of depression and anxiety lasting at last 6 months after
psilocybin administration. Griffiths et al. studied patients with
clinical anxiety and depression related to their life-threatening
cancer diagnoses (Griffiths et al., 2016). Informed by data from
previous psilocybin dose effects studies (Griffiths et al., 2011;
Hasler et al., 2004) they compared a moderately high dose (~0.314
or ~0.429mg/kg) to a dose sufficiently low that it was expected to
be devoid of therapeutic effects (~0.014 or ~0.043mg/kg), using a
randomized, double-blind, cross-over counterbalanced design. The
two doses were administered 5 weeks apart, and participants
returned for 6-month follow-up. Measures of mood, attitudes, and
behaviors were self-reported by participants and rated by staff and
community observers throughout the study. On drug administra-
tion days, research staff were present with the patients continually
during the approximately 7e8 hr long experimental session that
included a battery of physiological, subjective and behavioral
measures 10min before capsule administration, repeated 30, 60,
90, 120, 180, 340, 300, and 360min after oral capsule administra-
tion. As shown in Fig. 2, there were significant dose and time-
related effects on most measures including non-clinically severe
increases in heart rate and blood pressure, and observer-rated
anxiety, nausea, joy/intense happiness, peace/harmony, psycho-
logical discomfort and physical discomfort, but no serious adverse
events attributed to psilocybin. Ross et al. (2016) used a largely
similar design with a moderately high dose of psilocybin (0.3mg/
kg) being administered in one session, and a comparison

compound administered in another session, with the exception
that the comparison compound was niacin rather than a very low
dose of psilocybin. Largely similar acute effects were reported, and
no serious adverse effects were attributed to psilocybin.

2.3. Factor 3: Current scientific knowledge regarding drug

Psilocybin is a phosphate derivative of N,N-dimethyltryptamine
that is typically is observed in concentrations ranging from 0.1 to
1.5% at least ten species of the Psilocybe genus of mushrooms, and in
some species of other genera (Stamets, 1996). Virtually all illicit use
is in the form of mushrooms, including dried and freshmushrooms.
They are often eaten whole, with or without food, but can also be
heated inwater to produce an active aqueous extraction (a “tea”), or
powdered and consumed in capsules (if dried) (Stamets, 1996).
Cultivated psilocybin-containing mushrooms have been shown to
vary in psilocybin content by a factor of 4, while “street samples” of
psilocybin-containing mushrooms have been shown to vary in
psilocybin content by an astonishing factor of 10 (Bigwood and
Beug, 1982). These wild variations in psilocybin content, com-
bined with the variations in methods for consumption described
above, suggest that dosing is notwell controlled in typical illicit use.
This contrasts with approved studies that administer known doses
of psilocybin. There have been occasional reports of intravenous
injection psilocybin in research (Carhart-Harris et al., 2016b; Petri
et al., 2014; Schartner et al., 2017; Waugh, 2016) although we are
aware of no reports of illicit use of psilocybin by injection.

There has been considerable progress elucidating the effects and
mechanisms of action of psilocybin in animal and human studies. It
is well-established that psilocybin, like other classic psychedelics,
has agonist or partial agonist activity at 5-HT2A receptors (Nichols,
2016). Carbon 14-label psilocybin studies revealed that approxi-
mately 50% of orally ingested psilocybin is absorbed and rapidly
systemically distributed. The isotope is distributed almost uni-
formly throughout the whole body. Studies of metabolites by
Holzman and Hasler (Hasler, 1997; Holzmann, 1995) reported by
Passie et al. (2002), found four metabolites: d 4-hydroxy-N,N-
dimethyltrypt-amine (Psilocin); d 4-hydroxyindole-3-yl-acetalde-
hyde (4H1A); d 4-hydroxyindole-3-yl-acetic-acid (41-IIAA); and
d 4-hydroxytryptophol (41-IT), with a first hepatic bypass effect
leading to extensive conversion to psilocin within 30min. This
corresponds to the beginning of physiological and psychological
effects in the time course described below. Passie et al. (2002) re-
ported that psilocin levels peak at about 50min post oral admin-
istration and then slowly decline over the next 5 hr, again roughly
corresponding to physiological and psychological effects, for a half-
life estimated at 163 ± 64min orally (Passie et al., 2002; Sellers
et al., 2017).

Considerable progress has been made in recent years to un-
derstand the mechanisms of psilocybin's therapeutic effects.
Resting state function magnetic resonance imaging shows that
psilocybin administration acutely alters brain network activity. This
includes decreased connectivity within the default mode network,
which is a system of brain regions that supports internal focus
(Carhart-Harris et al., 2012; Johnson and Griffiths, 2017). However,
there is no well-documented theory about how such acute effects,
lasting only hours, lead to therapeutic benefits lasting months and
possibly a year or more. It has been suggested that the acute
destabilization of brain networks by psilocybin (which may stem
from receptor level effects via amplification of neuronal ava-
lanches) may provide the opportunity to alter brain network ac-
tivity in a persisting fashion (Johnson and Griffiths, 2017; Nichols
et al., 2017). Such a mechanism has been suggested as consistent
with the evident importance of the appropriate context and
importance of psychotherapy in the therapeutic benefits of both
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psilocybin and LSD (Hofmann, 1980; Johnson et al., 2008; Johnson
and Griffiths, 2017). That is, the acute effects of psilocybin in
altering brain network dynamics may set the occasion for such
networks to re-establish themselves in altered ways after the
conclusion of acute effects; the overall context and the non-drug
therapeutic aspects of the intervention may play a role in shaping
such re-established networks.

As reviewed by Nichols et al. (2017), it is now known that
serotonergic-acting psychedelics, including psilocybin, have anti-
inflammatory effects and may have efficacy in treating some in-
flammatory diseases. They observed that inflammation of the brain
“has been linked to several psychiatric disorders including
depression, addiction, and neurodegenerative disorders such as
Parkinson's and Alzheimer's disease.” Insofar as elevated serotonin
levels are associated with inflammation it is plausible that psilo-
cybin has anti-inflammatory effects in the brain, possibly involving
serotonergic systems that contribute to its therapeutic effects
(Nichols et al., 2017).

2.4. Factor 4: History and current pattern of abuse

Table 2 provides a summary overview of psilocybin and
psilocybin-containing mushrooms in cultures dating back at least 7
millennia. From the perspective of understanding the abuse po-
tential of psilocybin it is important to note that the history of psi-
locybin use has primarily involved naturally occurring psilocybin
containing mushrooms. Use of these mushrooms by non-

indigenous individuals in the US and elsewhere began soon after
Wasson's discovery of mushroom ceremonies in the late 1950s
(Stevens, 1987). An exception was the brief distribution of a pure
psilocybin containing drug product branded as Indocybin® as an
adjuvant to psychotherapy or a tools in experimental psychiatry,
free of charge for a few years in the early 1960s by the Swiss Sandoz
pharmaceutical company (Lee and Shlain, 1992; Passie et al., 2002).
In those days this general approach was permitted for drugs that
were not approved for therapeutic use (Bonson, 2018). Nonetheless,
research on psychedelic substances began to slow in 1962/1963
when US scientists were required to seek federal approval for
evaluations of psilocybin or LSD (Stevens, 1987).

2.4.1. United States national surveys
Various national agencies monitor a broad range of substance

use related behaviors, effects, concomitants and treatment seeking.
Together, these characterize the prevalence and trends and effects
related to various substances geographically and demographically.
A brief summary of the major surveillance systems follows.

2.4.1.1. Treatment episode Datasets (TEDS). TEDS is an annual record
of U.S. substance abuse treatment admissions. The methods of the
survey and data collection are described elsewhere (Substance
Abuse and Mental Health Services Administration, 2017a). An es-
timate of treatment for psilocybin use disorder specifically cannot
be assessed because it has not emerged as a sufficiently large cause
of substance use disorders to warrant its own category, thus, the

Fig. 2. Cardiovascular and observer-rated effects of oral psilocybin in cancer patients (n¼ 50). Each panel shows the mean (±SEM) within-subject time-course effect of a
moderately-high (~0.314 or ~0.429mg/kg) versus low, placebo-like (~0.014 or ~0.043mg/kg) dose of psilocybin. For observer ratings, the Y-axis spans the range of possible scores.
Filled squares indicate that planned comparisons showed the high dose condition significantly differed from the low dose condition at that time-point (p< 0.05). Figure from
Griffiths et al. (2016), Fig. 2).

M.W. Johnson et al. / Neuropharmacology 142 (2018) 143e166152



TEDS assesses a composite category termed “hallucinogens,”which
includes LSD, DMT, “STP” (2,5-dimethoxy-4-methylamphetamine
or DOM), mescaline, peyote, psilocybin, and other (unnamed)
“hallucinogens”. Common substances sometimes considered to be
“hallucinogens” but which are included in other TEDS categories
(rather than the “hallucinogen” category) are MDMA and phency-
clidine (PCP). As shown in Table 3, for all years from 2005 to 2015,
“hallucinogens” were consistently reported as the primary sub-
stance of abuse in 0.1% of all admissions aged 12 þ years. In 2015
those who reported “hallucinogens” as their primary substance of
abuse at admissionwere 74.9% male ande on averagee 28 years of
age, and 43.6% had not used “hallucinogens” in the past month
(only 25.9% had used daily in the past month). To provide some
perspective we include TEDS data for opiates, cocaine and alcohol.
Together these data show that among substances of abuse, treat-
ment seeking for the entire category of “hallucinogens” constitutes
a very small fraction of reports to TEDS with no evidence of
increasing trends over the last decade of reports.

2.4.1.2. Drug Abuse Warning Network (DAWN). The DAWN, which
monitored U.S. drug-related visits to emergency departments, was
discontinued after 2011. The methods and its scope of data collec-
tion are described elsewhere (Substance Abuse and Mental Health
Services Administration, 2013). As shown in Table 4, from 2004 to
2011, the data suggest an increasing trend in psilocybin-related

emergency department (ED) visits. However, the signal is so
small, compared to “pain relievers,” cocaine, and alcohol that an
increase from 0.2 to 0.4 of all ED visits must be interpreted with
caution. In terms of rates, psilocybin-related ED visits increased
from 1.0 per 100,000 population in 2004 to 1.9 per 100,000 pop-
ulation in 2011.

2.4.1.3. National Survey on Drug Use and Health (NSDUH). The
NSDUH is an annual survey of substance use and mental health
issues in US civilians# age 12. Methods for some NSDUH items
changed in 2015, necessitating trend breaks in some cases. How-
ever, items related to “hallucinogens”were not modified. As shown
in Table 5, between 2009 and 2015, lifetime use of psilocybin was
consistently reported by about 8.5% of NSDUH respondents aged 12
and older, with a low of 8.1% (in both 2011 and 2012) and a high of
8.7% (in 2013). The reported lifetime use rate in 2015 was 8.5%. The
methods of the survey, including specific questions are described in
detail elsewhere (Substance Abuse and Mental Health Services
Administration, 2017b).

2.4.1.4. Monitoring the future (MTF). The MTF is a survey of sub-
stance use and attitudes of U.S. secondary school students, college
students, and young adults. It does not ask its participants about
prevalence of psilocybin use; however, the survey does ask about
“hallucinogens”, which is broken down into LSD and

Table 2
History of psilocybin use and in culture.

7000 BCE-5000 BCE e Mushroom cave paintings from Tassilli, modern-day Algeria (Samorini, 1992)
4000 BCE e Possible evidence of psilocybin-containing mushroom use in cave paintings in modern-day Spain (Akers et al., 2011)
4000 BCE-900 CE e Mushroom stones and other artifacts from cultures throughout the Americas, including Mayan (de Borhegyi, 1961; Lowy, 1971; Schultes, 1969;

Schultes et al., 2001; Truttman, 2012)
1600 e Spanish colonizers documented religious mushroom use by indigenous people in Mexico, considered it devil worship, and persecuted its use. Sacramental use was

driven underground for the next 400 years (Schultes, 1969; Schultes et al., 2001).
1957 e Spanish conqueror accounts of mushroom use had come to be considered myth (Schultes, 1969). Then, following earlier suggestive evidence by R. Schultes

(Schultes, 1939, 1940), R.G. Wasson became the first non-indigenous individual to participate in and document sacramental psilocybin-containing mushroom use by
indigenous people (Mazatec society in Mexico) since European colonization (Wasson, 1959; Wasson and Wasson, 1957)

1958e1959e A. Hofmann, usingmushrooms provided by R.G.Wasson, isolated psilocybin and psilocin, then developed synthesis of each (Hofmann, 1958; Hofmann et al.,
1958; Hofmann et al., 1959)

1959 e Clinical research was begun; initial research did not appreciate the powerful influences of set and setting, resulting in erratic outcomes (Delay et al., 1959)
1960s e Societal, legal, and political backlash emerged against the psychoactive drug excesses of the 1960s, along with the associated “counter-culture”, the promotion of

psychedelics as a panacea for achieving personal enlightenment and a utopian transformation of society, as opposed to use primarily as potential medicines in people
with illness

Early 1960s e Indocybin marketing for research by Sandoz requiring therapeutic interventions, ending in 1966
1970 e US Controlled Substances Act listed psilocybin in Schedule I, along with LSD, heroin and other substances of serious societal and public health concern, thus

prohibiting therapeutic use, and imposing extensive barriers to possession and research
1971e1990s e Human psilocybin research was largely dormant until the late 1990s when a few laboratories in Europe renewed interest (Spitzer et al., 1996;

Vollenweider et al., 1997). Human psilocybin research then began in the U.S. at the University of NewMexico (Bogenschutz et al., 2015; Strassman, 2001) [initiated but
unpublished psilocybin results], Johns Hopkins University (Griffiths et al., 2018), the University of Arizona (Moreno et al., 2006), the University of California, Los Angeles
(Grob et al., 2011), and New York University (Ross et al., 2016).

Table 3
Treatment episode datasets (TEDS): Rate of various drugs as the primary substance of abuse among persons 12 years and older, 2005e2015.

Primary Substance 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Total 1,896,299 1,962,664 1,969,862 2,074,974 2,055,914 1,932,524 1,936,278 1,834,591 1,762,015 1,639,125 1,537,025

Hallucinogens
n 2045 1644 1651 1917 1880 1791 1998 2155 2177 1899 1917
% 0.1% 0.1% 0.1% 0.1% 0.1% 0.1% 0.1% 0.1% 0.1% 0.1% 0.1%

Opiates
n 332,401 353,899 364,614 411,301 439,826 443,405 486,729 488,038 507,989 501,680 526,686
% 17.5% 18.0% 18.5% 19.8% 21.4% 22.9% 25.1% 26.6% 28.8% 30.6% 34.3%

Cocaine
n 268,402 277,852 259,973 239,342 193,419 158,780 152,349 126,371 106,594 88,623 74,710
% 14.2% 14.2% 13.2% 11.5% 9.4% 8.2% 7.9% 6.9% 6.0% 5.4% 4.9%

Alcohola

n 746,544 781,349 804,581 860,742 856,180 782,764 759,017 709,891 654,808 591,404 521,089
% 39.4% 39.8% 40.8% 41.5% 41.6% 40.5% 39.2% 38.7% 37.2% 36.1% 33.9%

a Alcohol only or with a secondary drug.
Source: (Substance Abuse and Mental Health Services Administration, 2017a)
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“hallucinogens” other than LSD. The two substances most
commonly identified in the class “hallucinogens” other than LSD,
has been psilocybin or “shrooms.” From 2006 to 2011, lifetime
prevalence of high schoolers using hallucinogens other than LSD (of
which psilocybin/shrooms comprise the largest proportion), stayed
relatively stable around 5.0%, but from 2011 to 2016, lifetime
prevalence has decreased from 4.9% to 3.0%. Past year use among
high schoolers mirrored this trend, staying relatively stable from
2006 to 2011 (around 3.0e3.3%) and declining from 3.1% in 2011 to
1.8% in 2016. Among college students, lifetime prevalence of use of
“hallucinogens” other than LSD has steadily declined in the past 10
years from 10.1% in 2006 to 6.6% in 2016. Among college students,
past year prevalence for “hallucinogens” other than LSD has also
steadily declined from 5.4% in 2006 to 3.0% in 2016. Among young
adults aged 19e28, lifetime prevalence for “hallucinogens” other
than LSD declined from 14.9% in 2006 to 10.6% in 2016. Among
young adults aged 19e28, past year prevalence for “hallucinogens”
other than LSD has declined from 3.8% in 2006 to 3.0 in 2016.

2.4.1.5. National Forensic Laboratory Information System (NFLIS).
The NFLIS system of the DEA is based on results from drug chem-
istry analyses conducted by state, local and federal forensic

laboratories, from drug seizures by law enforcement. It is not a
measure of human use, abuse, overdose or effects but rather is
intended to provide information about what substances are being
found in drug seizures (also known as “busts” or “raids”) across the
country (Drug Enforcement Administration Diversion Control
Division, 2016). As shown in Table 6, the estimated number of to-
tal drug reports for psilocin/psilocybin has slightly declined from a
high of 0.30% of total drug reports in 2010 to staying relatively
stable from 2013 to 2015 (0.27% of all drug reports in 2013 and
0.26% of all drug reports in 2014 and 2015), however these rates are
so small in comparison to other substances that interpretation
must be made with caution.

2.4.1.6. American Association of Poison Control Centers’ (AAPCC)
National Poison Data System (NPDS). As shown in Table 7, from
2007 to 2015, there were 5559 case mentions of psilocybin and
psilocin reported to the National Poison Data System (NPDS). A
mention indicates that the substance was associated with, but not
necessarily the cause of, a reported suspected poisoning. Of these
5559 mentions, there was one death, in 2012. Whether this death
was the result of psilocybin use or other concomitant drug use is
unknown. Case reports mentioning psilocybin and psilocin have
decreased from 773 reports in 2007 to 473 in 2015.

2.4.2. A note on “microdosing”
Psychedelic “microdosing,” which involves use of very low, sub-

perceptual, doses of psychedelics, has recently received attention in
popular press articles and books (Fadiman, 2011; Koebler, 2015;
Malone, 2016; Waldman, 2017). Although popular attention to
microdosing is relatively new, Albert Hofmann discussed the
medical potential of using very low doses of LSD for antidepressant
effects as early as 1976 (Horowitz, 1976). Six percent of individual
responding to a drug-related survey indicated having microdosed
with LSD at least once in their lifetime (Global Drug Survey, 2017).
However, nothing is currently known about the population-level
prevalence of psychedelic microdosing, nor about microdosing of
psilocybin mushrooms among psychedelic users. Given the sub-
stantial variability in psilocybin-content in mushrooms (Bigwood
and Beug, 1982), one risk of microdosing with mushrooms is acci-
dentally consuming a higher psilocybin dose than intended,
resulting in strong and possibly overwhelming psychological ef-
fects in a dangerous or otherwise problematic environment, for
example, while driving or working.

Table 4
Drug abuse warning network (DAWN): Total ED visits (any type) for various drugs, 2004e2011.

Drugs 2004 2005 2006 2007 2008 2009 2010 2011

Total ED visits 2,537,722 3,009,025 3,441,855 3,998,228 4,383,494 4,595,261 4,916,328 5,067,374

Psilocybin
number of ED visits 2947 2937 3557 4006 5422 4087 4539 6048
% of all ED visits 0.1% 0.1% 0.1% 0.1% 0.1% 0.1% 0.1% 0.1%
Rate per 100,000 population 1.0 1.0 1.2 1.3 1.8 1.3 1.5 1.9

Opiates/opioids
number of ED visits 299,498 388,873 452,929 542,699 668,803 769,330 851,453 855,348
% of all ED visits 11.8% 12.9% 13.2% 13.6% 15.3% 16.7% 17.3% 16.9%
Rate per 100,000 population 102.3 131.6 151.8 180.2 219.9 250.8 275.3 274.5

Cocaine
number of ED visits 475,425 483,865 548,608 553,535 482,188 422,902 488,101 505,224
% of all ED visits 18.7% 16.1% 15.9% 13.8% 11.0% 9.2% 9.9% 10.0%
Rate per 100,000 population 162.4 163.7 183.9 183.8 158.6 137.9 157.8 162.1

Alcohol
number of ED visits 674,914 527,198 577,525 634,663 656,911 658,263 687,574 724,306
% of all ED visits 26.6% 17.5% 16.8% 15.9% 15.0% 14.3% 14.0% 14.3%
Rate per 100,000 population 230.5 178.4 193.6 210.7 216.0 214.6 222.3 232.5

Source: (Substance Abuse and Mental Health Services Administration, 2013).

Table 5
National survey on drug use and health (NSDUH): Lifetime use of various drugs
among persons aged 12 and older, 2009e2015.

2009 2010 2011 2012 2013 2014 2015

Psilocybin
% lifetime 8.4% 8.3% 8.1% 8.1% 8.7% 8.5% 8.5%
% past year N/A N/A N/A N/A N/A N/A N/A

Pain Relievers
% lifetime 14.0% 13.8% 13.3% 14.2% 13.5% 13.6% 10.3%a

% past year 4.9% 4.8% 4.3% 4.8% 4.2% 3.9% 4.7%a

Cocaine
% lifetime 14.6% 14.7% 14.3% 14.5% 14.3% 14.8% 14.5%
% past year 1.9% 1.8% 1.5% 1.8% 1.6% 1.7% 1.8%

Alcohol
% lifetime 82.8% 82.5% 82.2% 82.3% 81.5% 82.1% 81.0%
% past year 66.8% 66.4% 66.2% 66.7% 66.3% 66.6% 65.7%

N/A¼ not assessed.
a NSDUH metric was “non-medical use” from 2009 to 2014, but changed to

“misuse” in 2015. Additionally, the focus of the survey shifted from lifetime to past-
year (for most drugs) in 2015. SAMHSA has suggested that these methods changes
may cause trend breaks for some drugs, including pain relievers. Thus, caution needs
to be applied when comparing 2015 estimates to those from 2009 to 2014.
Source: (Substance Abuse and Mental Health Services Administration, 2017b)
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2.5. Factor 5: The scope, duration, and significance of abuse

There is an extensive history that provides important insights
concerning patterns of psilocybin, LSD and other classic psyche-
delic use, abuse, and place in culture in the US and globally. Unlike,
LSD, psilocybin is not a new molecular entity but rather is a natu-
rally occurring substance that has been used ritualistically for at
least hundreds and likely thousands years in Central and South
America and possibly Africa and Europe (Akers et al., 2011; de
Borhegyi, 1961; Lowy, 1971; Samorini, 1992; Schultes, 1969;
Schultes et al., 2001; Truttman, 2012), with an apparently revered
place in many cultures through history (Schultes et al., 2001). By
way of contrast, alcohol, cocaine, opioids, and tobacco also have
histories of use dating thousands of years, but these substances
were recognized as addicting and harmful to the lives of many users
for centuries (Corti, 1931; Crocq, 2007; Lewin, 1998; Rush, 1808;
Terry and Pellens, 1970). As discussed in the foregoing citations,
many users of these classic substances of abuse developed patterns
of daily use that interferedwith social and occupational functioning
and caused harm to users. Moreover, with these drugs abstinence
often came with great difficulty and was sometimes associated
with sickness. Such sickness was eventually recognized as part of a
withdrawal syndrome that contributed to the persistence of
chronic daily use (Koob and Le Moal, 2006; O'Brien, 2011). These
substances are recognized by the US National Institute on Drug
Abuse (NIDA), and World Health Organization as prototypic sub-
stances of abuse that produced frequent self-administration and
are often accompanied by some level physical dependence (with-
drawal and tolerance) and lead to the clinical syndrome termed
addiction in general communications, and substance use disorders
or dependence in technical communications (American Psychiatric
Association, 2013; National Institute on Drug Abuse, 2016; World
Health Organization, 1993).

In contrast, whereas many experts (Gable, 1993, 2004) and
expert organizations including NIDA and the DEA recognize psilo-
cybin as a drug of abuse, they universally differentiate it from drugs
that cause dependence/addiction and carry a high risk of overdose
and harm. For example, NIDA Drug Facts website describes LSD and
psilocybin type classic psychedelics as not addicting in contrast to
NMDA antagonist phencyclidine (PCP) whichmay be considered an
addicting “hallucinogen,” broadly speaking. See Table 1.

The characterization of psilocybin as a substance with high
abuse potential is based largely on social lore, sensationalized
media coverage, and misinformation and misunderstanding about
the actual risk of dependence and harms during the 1960s. This
coincided with nonmedical use of classic psychedelics, primarily
LSD, by the public in the 1960s (British Psychological Society, 2014;
Costandi, 2014; Hofmann, 1980; Penner, 2015; Pollan, 2015). There
is no question that such use involved motivation for intoxicating
effects, and frequently involved co-administration of other sub-
stances. Furthermore, even though medical use by experienced

practitioners had shown these drugs to be remarkably safe, use in
the population for nonmedical reasons, often in high doses, in
combination with other drugs, and in unsafe environments, led to
highly sensationalized adverse consequences that contributed to
the characterization of these substances as dangerous and highly
abusable and ultimately in their placement in Schedule I of the CSA
when it was codified in 1970. See further discussion in Belouin and
Henningfield in this journal issue and Hofmann, 1980.

Scientific and medical studies, and US national surveillance
systems yield a different characterization of psilocybin use, abuse,
and risks than the 1960s media accounts as summarized in this
factor and other factors. The scientific evidence confirms that there
has been abuse and supports regulation as a controlled substance,
however, that actual risk of dependence and harm associated with
psilocybin has been estimated to be among the lowest of all major
substances of abuse and dependence over the past several decades
by several expert analyses, and lines of evidence evaluated in this
factor and other factors of the CSA. For example, in a comparative
overview of the dependence potential and acute toxicity of psy-
choactive substances, Gable concluded that psilocybin carried a
lower risk of dependence than caffeine and among the lowest risks
of death of all major substance abuse categories including cannabis
(Gable, 1993). In a subsequent analysis using different methods
Gable again found that psilocybin was amongst the least physio-
logically toxic drugs (Gable, 2004).

Similarly, Nutt, King, Saulsbury and Blakemore developed an
instrument to assess drug harms and misuse that considered
“physical” and “social” harm and dependence risk, and had a group
of UK drug experts rank a large group of licit and illicit drugs (Nutt
et al., 2007). Heroin, cocaine, sedatives and alcohol were ranked
highest in overall harm. Although psilocybin was not specifically
evaluated, the related drug LSD was ranked among the drugs with
the lowest harm. This general approachwas extended to use amore
advanced decision-making approach, and included 16 specific
criteria for evaluation by experts in the United Kingdom (Nutt et al.,
2010). Alcohol was rankedmost harmful with an overall harm score
of 72 out of a possible 80, followed by heroin (overall harm score of
55 out of 80) and crack cocaine (overall harm score of 54 out of 80);
the lowest overall score, as show in Fig. 3, was assigned to
“mushrooms, with an overall harm score of 6 out of 80.

A large survey of 1501 UK drug users (Morgan et al., 2010)
assessed ratings of harms for the drugs previously examined by the
UK drug experts in Nutt et al. (2007). Although psilocybin was not
assessed, LSDwas ranked relatively low in harm among other drugs
(Morgan et al., 2010). In a similar study (Carhart-Harris and Nutt,
2013), experienced drug users rated harms to “self” and to
“others.” The ratings by substance users and experts were overall
similar, placing LSD among the lowest in harm to self and others
with psilocybin-containing mushrooms receiving the lowest rat-
ings (Carhart-Harris and Nutt, 2013). A study utilizing Dutch ex-
perts, using a framework based on that developed by Nutt and
colleagues (Nutt et al., 2007), similarly concluded psilocybin-
containing mushrooms to be the least harmful of all licit and
illicit drugs examined, both to the individual and to the population
(van Amsterdam et al., 2010). In turn, similar findings were ob-
tained by 40 European Union addiction experts who scored 20
drugs on 16 factors related to harm (van Amsterdam et al., 2015). As
shown in Fig. 4, harm ratings at the population and individual level
were among the lowest for “magic mushrooms” among all sub-
stances that were evaluated.

Lending confidence to these various assessments of drug harm
rankings is the remarkable correspondence among them. Specif-
ically, using the drugs in common between studies, the correlation
between Nutt et al. (2007) expert rankings and the Nutt et al. (2010)
expert rankings were strong (Pearson's r¼ 0.70) despite

Table 6
National Forensic Laboratory Information System (NFLIS): Estimated percentage of
total drug reports submitted to laboratories for various drugs, 2010e2015.

Drug 2010 2011 2012 2013 2014 2015

Psilocin/Psilocybin 0.30% 0.31% 0.31% 0.27% 0.26% 0.26%
Cocaine 21.44% 20.10% 16.54% 15.63% 14.10% 13.95%
Heroin 6.44% 7.21% 8.11% 9.85% 10.83% 12.12%
Oxycodone 3.56% 3.61% 3.40% 2.96% 2.85% 2.70%
Hydrocodone 2.81% 2.82% 2.66% 2.41% 2.19% 1.76%
Buprenorphine 0.61% 0.66% 0.73% 0.78% 1.01% 1.16%
MDMA 1.48% 0.78% 0.37% 0.31% 0.32% 0.33%

Sources: (Drug Enforcement Administration Diversion Control Division, 2011, 2012,
2013, 2014, 2015, 2016)
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methodological differences (Nutt et al., 2010). The van Amsterdam
et al. (2010) Dutch expert rankings and Nutt et al. (2010) UK expert
rankings were also strongly correlated (Pearson's r: individual
harm: 0.80, population harm: 0.84). The correlation between the

UK drug user rankings in the Morgan et al. (2010) study and the UK
expert rankings in Nutt et al. (2007) were strong (Pearson's
r¼ 0.90) (Morgan et al., 2010). The correlation between the UK drug
user rankings in the Carhart-Harris and Nutt (2013) study were

Table 7
American association of poison control centers’ (AAPCC) national poison data system (NPDS), 2007e2015.

Drug 2007 2008 2009 2010 2011 2012 2013 2014 2015

Mushrooms: Hallucinogenics (Psilocybin and Psilocin)
# of Case Mentions 773 758 727 643 633 593 476 484 473
# of Single Exposures 609 574 565 478 462 409 342 335 311
Unintentional 83 82 59 74 40 44 50 49 32
Intentional 511 479 495 394 408 350 285 266 266
No Outcome 40 37 33 23 27 24 38 23 18
Minor Outcome 112 92 111 92 104 69 64 83 75
Moderate Outcome 257 248 243 193 187 180 142 142 137
Major Outcome 9 9 11 6 4 8 5 7 5
Death 0 0 0 0 0 1 0 0 0

Cocaine
# of Case Mentions 7634 6351 5293 5130 5485 4850 4749 4289 4738
# of Single Exposures 2748 2075 1707 1582 1597 1345 1265 1171 1160
Unintentional 281 261 184 162 168 140 133 105 127
Intentional 2323 1695 1448 1329 1327 1133 1041 974 933
No Outcome 488 419 349 234 231 191 197 175 195
Minor Outcome 301 281 264 248 245 219 213 195 189
Moderate Outcome 649 474 431 426 435 372 313 343 320
Major Outcome 140 121 88 90 101 70 77 60 65
Death 20 18 6 10 34 28 20 9 7

Codeine
# of Case Mentions 974 965 2056 1993 2054 1953 1935 1709 1824
# of Single Exposures 629 616 1550 1501 1542 1467 1395 1254 1327
Unintentional 499 449 1307 1270 1280 1215 1164 1049 1073
Intentional 90 109 163 152 186 163 160 133 185
No Outcome 158 123 413 409 403 389 364 345 332
Minor Outcome 84 71 176 155 192 177 166 148 182
Moderate Outcome 13 17 27 31 26 33 28 29 30
Major Outcome 1 1 5 1 3 1 2 5 3
Death 0 0 0 0 0 0 2 0 0

Hydrocodone Alone or in Combinationa, b

# of Case Mentions e e e 316 1986 1989 1943 1956 1853
# of Single Exposures e e e 193 1089 1065 974 989 862
Unintentional e e e 116 675 698 604 646 538
Intentional e e e 59 297 247 271 243 234
No Outcome e e e 26 190 203 157 188 163
Minor Outcome e e e 47 246 215 188 211 161
Moderate Outcome e e e 14 67 51 63 47 46
Major Outcome e e e 0 10 3 2 2 2
Death e e e 0 1 0 0 4 1

Oxycodone Alone or in Combinationc

# of Case Mentions 6515 7692 8065 9157 8963 8460 7742 7740 8170
# of Single Exposures 3340 3741 3803 4278 3973 3644 3363 3300 3506
Unintentional 1667 1980 1945 2102 1886 1820 1806 1763 1912
Intentional 1271 1415 1463 1746 1700 1449 1231 1286 1319
No Outcome 488 700 621 700 659 657 656 649 745
Minor Outcome 560 615 714 804 758 673 655 782 775
Moderate Outcome 260 289 368 478 469 409 387 397 431
Major Outcome 78 85 91 112 108 105 90 81 109
Death 9 11 8 12 37 26 20 15 13

Alcohol (Ethanol Beverages)
# of Case Mentions 47202 50919 51909 51549 53021 54445 50763 49305 51811
# of Single Exposures 8668 8560 9937 9307 9166 9753 7954 6026 6761
Unintentional 2428 2496 2640 2381 2371 2363 2218 2076 2190
Intentional 5668 5512 6729 6223 6169 6738 5099 3340 3947
No Outcome 1010 1153 1124 894 880 694 706 662 704
Minor Outcome 1280 1174 1570 1498 1446 1567 1220 984 1237
Moderate Outcome 915 935 1074 1099 1062 1221 1162 1021 1127
Major Outcome 185 185 202 225 208 220 234 219 260
Death 5 20 8 21 71 111 79 15 20

a Excluding Combination Products with Acetaminophen, Acetylsalicylic Acid or Ibuprofen.
b NFLIS started reporting Hydrocodone alone or in combination in 2010.
c Excluding Combination Products with Acetaminophen or Acetylsalicylic Acid.

Sources: (Bronstein et al., 2008, 2009, 2010, 2011, 2012; Mowry et al., 2013, 2014, 2015, 2016)
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strongly correlated with both of UK expert rankings (Nutt et al.,
2010: User harms Spearman's rho¼ 0.90, harm to others Spear-
man's rho¼ 0.76) and the Dutch expert rankings (van Amsterdam
et al., 2010) (Individual level: Spearman's rho¼ 0.93; Population
level: Spearman's rho¼ 0.94) (Carhart-Harris and Nutt, 2013). The
rankings of European Union addiction experts showed remarkably
high correlations to UK experts (Nutt et al., 2010; van Amsterdam
et al., 2015) (Overall harm: Pearson's r¼ 0.99). Collectively, these
studies suggest strong international, cross-laboratory consensus,
across academics, clinicians, and drug users themselves, regarding
the relatively low harm potential of psilocybin compared to other
drugs of abuse.

An evaluation of the harm-potential of psilocybin-containing
mushrooms use, sanctioned by the Minister of Health of the
Netherlands, “concluded that the physical and psychological
dependence potential of magic mushrooms was low, that acute
toxicity was moderate, chronic toxicity low and public health and
criminal aspects negligible” (van Amsterdam et al., 2011). Further,
the evaluation concluded that while “the use of magic mushrooms
is relatively safe as only few and relativelymild adverse effects have
been reported,” the most harmful instances of use tended to
involve the combination of other drugs including alcohol with
mushrooms, and suboptimal settings such as the absence of a sober
companion.

An important evaluation of the comparative epidemiology of
dependence across a broad range of substances, including “psy-
chedelics” was performed by Anthony, Warner and Kessler using
data from the National Comorbidity Survey (Anthony et al., 1994).
With respect to the rank ordering of the risk of transition from
“drug use” to “dependence” they concluded as follows: “For both
men and women, and for all but the oldest age group of drug users,
tobacco and heroin were top ranked; psychedelic drugs (defined in
report as “e.g., LSD, peyote, mescaline” which presumably would
have included psilocybin) and inhalants were at the bottom.”
(Anthony et al., 1994). The inhalant results are unfortunately diffi-
cult to interpret because “inhalant” included compounds that

widely varied in mechanism of action and related harms, from
volatile solvents such as gasoline to nitrous oxide.

2.6. Factor 6: Risk to public health

Risks to public health can be estimated by a variety of ap-
proaches that help capture consequences of use among users and to
nonusers. Carbonaro et al. (2016) reported on an online survey of
psilocybin users about their single most psychologically difficult or
challenging experience after consuming mushrooms. Eleven
percent reported putting her/himself or others at risk of physical
harm. Greater estimated dose, duration and difficulty of the expe-
rience, and lack of physical comfort and social support, were all
related to increased risk. Approximately three percent reported
behaving in a physically aggressive or violent manner, and the
approximately three percent reported receiving medical help.
Including only individuals whose reference psilocybin exposure
occurred more than a year before survey completion, approxi-
mately eight percent reported seeking treatment for persisting
psychological symptoms. Three of the respondents reported their
psilocybin use to be followed by the onset of enduring psychotic
symptoms. Three respondents reported attempting suicide.

As discussed in Factor 2, the risk of overdose poisoning by psi-
locybin is low due to its low physiological toxicity. In addition, it is
possible that the often undesirable effects of high doses of psilo-
cybin (Griffiths et al., 2011; Johnson et al., 2012), combined with
large variability in the psilocybin-content of mushrooms (Bigwood
and Beug, 1982) may lead many users to be cautious about dosing.
On the other hand, its well documented sensory altering and
impairing effects suggest a potential concern for the safety of users
and others. By way of contrast, more than 10,000 or almost one
third of all driving-related deaths in 2015 involved alcohol (Centers
for Disease Control and Prevention, 2017), in addition to more than
2000 alcohol overdose poising deaths (Centers for Disease Control
and Prevention, 2015), and nearly 80,000 alcohol related liver
disease deaths (National Institute on Alcohol Abuse and

Fig. 3. Normalized ratings of harm potential of psilocybin (“mushrooms”) relative to other drugs as rated by experts in the United Kingdom using on a multidimensional scale.
Drugs are ranked by overall harm from left (most harmful) to right (least harmful), with harm to users (blue) and harm to others (red) shown separately. Abbreviations:
CW¼ cumulative weight, GHB¼ gamma-hydroxybutyric acid (Figure from Nutt et al., 2010, Fig. 2).
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Alcoholism, 2017). Recent trends suggest that an increasing fraction
of highway motor vehicle accidents involve substances other than
alcohol, including prescription drugs and possibly cannabis. The
exception to this trend appears to be the category of “hallucino-
gens” (Rudisill et al., 2014). A plausible explanation is that the acute
effects of classic psychedelics are so disrupting that persons under
the influence are less likely to drive than those who are under the
influence of intoxicating, sedating, and inhibition releasing sub-
stances that are more commonly associated with traffic accidents
and fatalities. Another plausible contribution is the fact that psi-
locybin is typically used far less frequently than these other drugs
which more readily lead to daily use and use disorders; therefore,
there are fewer instances of drug intoxication involving driving and
therefore fewer driving-related deaths.

Nonetheless, concerns about the safety of users and others have
been voiced since early research with psilocybin and other psy-
chedelics. Therefore, the relative rarity of apparent cases of classic
psychedelic involved deaths does not mean that this should be of
no concern (de Veen et al., 2017; Hofmann, 1980). Thus, despite an
apparently low risk of addiction and physiological toxicity, there is
concern about abuse because of potential adverse effects, including
panic reactions, possible precipitation of enduring psychiatric
conditions (i.e., psychotic disorders), and long-lasting visual
perceptual disturbances. Importantly, these risks can be minimized
by control of dose, setting, patient selection and other factors
(Carhart-Harris and Nutt, 2013; de Veen et al., 2017; Johnson et al.,
2008). What is reassuring, and at odds with one of the conditions
for CSA Schedule I control (“There is a lack of accepted safety for use
of the drug or other substance under medical supervision.”) is that
decades of experience and recent clinical research demonstrate
that psilocybin can be used safely under medical supervision and
the conditions of safe use are increasingly well-defined (Griffiths
et al., 2016; Johnson et al., 2008; Ross et al., 2016).

It is likely that in the approval of psilocybin for therapeutic
application, the FDA would not simply assume low risk, but rather
would require that such serious but mitigatable concerns warrant a
REMS to contribute to safe use and minimize unintended negative
effects (U.S. Food and Drug Administration, 2015). Approval of
drugs with REMS anticipates the likelihood that emerging clinical

experience, further research, and the relatively high level of over-
sight and data collection provided by the REMS can support
expansion of the conditions and indications for use and result in
modifications of the REMS itself, as was the case for sodium oxybate
(Xyrem®), the medication whose active pharmaceutical ingredient
is the controversial substance commonly known as GHB (Carter
et al., 2006, 2009; Johnson and Griffiths, 2013; McCormick et al.,
2009; The Medical Letter, 2006; Wang et al., 2009). Data impor-
tant in understanding the safety, mechanisms of action, and po-
tential future indications for psilocybin-assisted treatment have
included the treatment of substance use disorders (Bogenschutz
et al., 2015; Garcia-Romeu et al., 2014; Johnson et al., 2012, 2014,
2017; Johnson and Griffiths, 2017; Nichols et al., 2017; Sessa and
Johnson, 2015; Tupper et al., 2015), obsessive-compulsive disor-
der (Schindler et al., 2015), and cluster headaches (Matsushima
et al., 2009; Sewell et al., 2006).

Ideally REMS are designed with knowledge gained from clinical
trials to provide a basis for a plan that will contribute to beneficial
effects and mitigate the risk of undesired effects. In this case there
is knowledge that goes back to the 1950s efforts of Sandoz to ensure
safe use by health care providers and the 21st century clinical trials
have carefully designed and documented their programs to mini-
mize unintended consequences. Furthermore, history and clinical
research indicate that adverse events are not random but are
related to controllable factors that can be addressed in labeling and
by the requirement of elements to assure safe use (ETASU) of REMS
that would likely be required by the FDA given (a) the 1960s history
that did include problems, and (b) the apparent ability to minimize
problems by following protocols employed in clinical research. In
fact, information that would contribute to the development of a
REMS is already emerging from recent clinical safety and efficacy
trials.

2.6.1. Potential public health benefits
Risk to public health and overall public health impact must

include consideration of benefits in order to provide a balance risk
to benefit analysis. This concept has received increasing attention
from the FDA in recent years. For example, in the 2012 Food and
Drug Administration Safety and Innovation Act (FDASIA) Section X,

Fig. 4. Normalized ratings of harm potential of psilocybin (“magic mushrooms”) relative to other drugs as rated by experts in the European Union using a multidimensional scale.
Drugs are ranked by overall harm from left (most harmful) to right (least harmful), with harm to users (shaded texture) and harm to others (solid texture) shown separately (Fig. 2
from van Amsterdam et al., 2015).
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is entitled “Enhancing Benefit-Risk Assessment in Regulatory De-
cision-Making.” This section required the FDA to “develop a five-
year plan to further develop and implement a structured benefit/
risk assessment in the new drug approval process” and “An eval-
uation plan to ascertain the impact of the benefit-risk framework in
the human drug review process. The evaluation will consider the
utility of the framework in facilitating decision-making and review
team discussions across disciplines, risk management plan
decision-making, training of new review staff, and communicating
regulatory decisions. In particular, the evaluation will consider the
degree to which the framework supports or facilitates balanced
consideration of benefits and risks, a more consistent and sys-
tematic approach to discussion and decision-making, and
communication of benefits and risks.” (U.S. Food and Drug
Administration, 2012). The plan included holding two public
workshops addressing benefit-risk considerations in drug regula-
tion, one of which was held September 18, 2017 (U.S. Food and Drug
Administration, 2017b).

The importance of public health benefits in drug scheduling
decision-making is not new but its prominence seems to be
increasing and in fact, the standard for evaluation of new tobacco
products and for potential approval of some harm reduction to-
bacco products as “Modified Risk Tobacco Products” invokes a
public health standard and not an efficacy standard by the 2009
Family Smoking Prevention and Tobacco Control Act (U.S. Congress,
2009). Nicotine is a drug that meets criteria for placement in
Schedule III of the CSA (if marketed as a drug but not in the form of
tobacco products which are exempted from CSA scheduling along
with alcoholic beverages by the CSA) but the potential public health
benefits of nicotine were prominent in the decision by the FDA not
to recommend scheduling upon approval of nicotine gum in 1985,
and in 1996 not to recommend scheduling of a nasal nicotine
product that clearly met criteria for such control (Henningfield
et al., 2016; U.S. Food and Drug Administration, 1996). Similarly,
public health considerations were prominent in the FDA's resis-
tance to reschedule low-dose hydrocodone plus acetaminophen
products from Schedule III to Schedule II (Anson, 2014; Coleman,
2015).

In this context, it is important to recognize the potential public
health benefits of psilocybin and to avoid unduly restrictive
scheduling that would pose an unnecessary barrier to potential life-
saving and public health enhancing access. For example, placement
in Schedule II is intended to pose high barriers to patient pre-
scribing by health care providers and access by patients, and this
was a consideration in advocacy by the FDA, pain patient advocacy
organizations, and many people with pain in sustaining the low
dose acetaminophen combination form of hydrocodone in
Schedule III as discussed above (Coleman, 2015).

As discussed in the summaries of analyses of Factors 4 and 5 in
this article and earlier in this section, the overall risks to public
health posed by illicit psilocybin are low compared to most
scheduled drugs and certainly lower than most Schedule II and III
drugs. Clinical studies of psilocybin suggest that the public health
risk of an approved medicine would be lower still due to the re-
strictions on its access imposed by distribution only through
pharmacies and potentially at least initially limited to a single
central pharmacy provider if that was recommended as part of its
REMS program (Griffiths and Johnson, 2015).

The potential medical and public health benefits of medicinal
psilocybin were demonstrated by research up until the 1960s, and
with some resurgence beginning in the 1990s. The clinical devel-
opment program for psilocybin as a potential medicine as for the
treatment of depression and anxiety and to improve quality of life
in patients with life-threatening cancer diagnoses (Griffiths et al.,
2016; Grob et al., 2011; Ross et al., 2016), provides more recent

data, from studies that are intended to meet FDA standards for
Phase 1 and 2 studies to support an eventual NDA. In summary,
Grob et al. assessed the effects of one-time psilocybin (14mg/70 kg
doses) using a double-blind, placebo-controlled design, with
administration in a therapeutic setting in patients with life-
threatening illnesses including cancer (Grob et al., 2011). There
were reductions in measures of trait anxiety and depressed mood
that persisted through the 6-month follow-up observation. There
were no serious adverse events. Carhart-Harris et al. conducted an
open label study of 10 and 25mg doses of psilocybin administered
7 days apart in a supportive setting in patients with treatment-
resistant depression. This demonstrated strong reductions in
measures of depression at 1 week and 3 months by the 16-item
Quick Inventory of Depressive Symptoms, with no serious adverse
events (Carhart-Harris et al., 2016b).

The most rigorous study of psilocybin for treatment of
depressed mood and anxiety in severely distressed cancer patients
was by Griffiths et al. (2016), as described under Factor 2. Acute
effects during the sessions were described (see Fig. 2). As shown in
Fig. 5, the therapeutic benefits of the high dose of psilocybin (~0.314
or ~0.429mg/kg) were profound and persistent as reported by both
patients and observers. The overall rates of clinician-rated thera-
peutic effects at 6 months were 78% for depression and 83% for
anxiety. Ross et al. conducted a study that was generally similar to
that by Griffiths et al., with the most important difference being the
use of small doses of niacin as an active placebo instead of low
doses of psilocybin (Griffiths et al., 2016; Ross et al., 2016). Ross
et al. also found robust acute and sustained antidepressant effects
by psilocybin. Ross et al. and Griffiths et al. have assisted a nonprofit
program that has been coordinated by the Heffter Research Insti-
tute (Heffter Research Institute, 2017) and Usona Institute (Usona
Institute, 2017) which are working together to sponsor the devel-
opment of psilocybin for approval as a medicine by the FDA. These
studies include measures of mood enhancement in patient pop-
ulations that are not discussed in Factor 1 (regarding euphoriant
effects) because the relevance of persisting mood improvement in
depressed and anxious patients to abuse potential is not clear
(Griffiths et al., 2016).

Non-therapeutic laboratory studies of psilocybin in healthy
volunteers also suggest positive persisting effects of psilocybin.
Two studies administering doses of up to ~0.429mg/kg to healthy
volunteers showed increased participant ratings of well-being or
life satisfaction (Griffiths et al., 2008, 2011) 14 months after psilo-
cybin administration. Data pooled across these studies showed an
increases in personality over a year after psilocybin administration
(MacLean et al., 2011). A recent, large laboratory study examining
the interactive effects of psilocybin and spiritual practices
(including meditation) in 75 healthy volunteers showed high-dose
psilocybin (~0.286 and ~0.429mg/kg in two separate sessions) to
cause significant increases in ratings of interpersonal closeness,
gratitude, and life meaning/purpose 6 months after psilocybin
administration, suggesting persisting improvements prosocial
traits and psychological functioning (Griffiths et al., 2018).

Larger, population- and cohort-based studies are consistent
with findings from these experimental investigations. For example,
Hendricks et al. tested the relationships of classic psychedelic use
and psilocybin use per sewith psychological distress and suicidality
among over 190,000 adult respondents pooled from years 2008
through 2012 of the NSDUH (Hendricks et al., 2015a, 2015b). They
found that lifetime classic psychedelic use was associated with a
reduced odds of past month psychological distress (aOR¼ 0.81),
past year suicidal thinking (aOR¼ 0.86), past year suicidal planning
(aOR¼ 0.71), and past year suicidal attempt (aOR¼ 0.64), with
these results extending to psilocybin per se. Lifetime illicit use of
other drugs was, by and large, associated with an increased odds of
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Fig. 5. Persisting effects of psilocybin on depression- and anxiety-related outcome measures Outcomes were measured at baseline (pre-psilocybin), post session 1 (5 weeks after
the first psilocybin session), post session 2 (5 weeks after the second psilocybin session), and the 6-month follow-up (n¼ 25, 25, 24, and 22 at baseline, post session 1, post session 2,
and 6 months, respectively). Each panel shows the mean (±SEM) scores for two groups: The “Low Dose 1st” group received a low, placebo-like (~0.014 or ~0.043mg/kg) dose of
psilocybin in Session 1, and a moderately-high (~0.314 or ~0.429mg/kg) dose of psilocybin in Session 2; the “High Dose 1st” group received the doses in the opposite order. Stars
show a significant difference between the two groups at post session 1 by planned comparison (p< 0.05). Crosses show a significant difference between the post session 1 and post
session 2 times in the Low-Dose-1st group by planned comparison (p< 0.05). (Figure from Griffiths et al., 2016, Fig. 3).
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these outcomes. Building on these findings, Argento et al. (2017)
found that psychedelic drug use, broadly defined (i.e., not restricted
only to 5HT2A agonists but also including MDMA) prospectively
predicted a reduced likelihood of suicide ideation or attempts
among 290 marginalized Canadianwomen (aHR¼ 0.40). Moreover,
consistent with pilot studies of psilocybin-assisted psychotherapy
for drug dependence (Bogenschutz et al., 2015; Johnson et al.,
2014), Pisano et al. found that lifetime classic psychedelic use was
associated with a reduced risk of past year opioid dependence
(weighted risk ratio¼ 0.73) and past year opioid abuse (weighted
risk ratio¼ 0.60) among over 44,000 illicit opioid users who
completed the NSDUH in years 2008 through 2013 (Pisano et al.,
2017). Finally, a growing literature suggests protective effects for
individuals in the criminal justice system, who suffer from
numerous comorbid psychopathologies including depression,
anxiety, and drug dependence that exacerbate criminal behavior.
Hendricks et al. found that naturalistic “hallucinogen” use pre-
dicted a reduced likelihood of recidivism among over 25,000 in-
dividuals under community corrections supervision with a history
of substance involvement (aOR¼ 0.60) (Hendricks et al., 2014) and
Walsh et al. found that naturalistic “hallucinogen” use predicted
reduced arrest for intimate partner violence among 302 jail in-
mates (aOR¼ 0.62) (Walsh et al., 2016). Of course, as “hallucino-
gens” are a broader class of substance that includes classic
psychedelics such as psilocybin in addition to other substances,
these studies were not able to test the unique relationships of
classic psychedelics or psilocybin in particular with criminal
behavior. Toward that end, Hendricks et al. (2018) evaluated the
associations of classic psychedelic use, and psilocybin use per se,
with criminal behavior among over 480,000 adult respondents
pooled from years 2002 through 2014 of the NSDUH. They found
that lifetime classic psychedelic use was associated with a reduced
odds of past year larceny/theft (aOR¼ 0.73), past year assault
(aOR¼ 0.88), past year arrest for a property crime (aOR¼ 0.78) and
past year arrest for a violent crime (aOR¼ 0.82). Results also were
consistent with a protective effect of lifetime psilocybin use for past
year antisocial behavior. Lifetime illicit use of other drugs was
largely associated with an increased odds of these outcomes.

To be clear, it is not a conclusion of this review that psilocybin or
other psychedelics should currently be recommended as a general
or blanket approach for the prevention of suicide or other behaviors
and conditions discussed in this section. Nor is it proposed that
approval of psilocybin for depression and anxiety disorders related
to advanced cancer diagnosis will translate to reduced suicide or
other problems at the population level in the near term, if ever. In
part this is because self-selection and other factors may contribute
to the population level effect. Furthermore, psilocybin and related
substances can produce adverse effects that were documented by
Hofmann in the 1940s and since, and the risks of such adverse
events can be minimized by appropriate protocols, conditions for
use, dosing and other factors. However, in the evaluation of the
potential public health effects, the data suggest that psilocybin is
overall more likely to contribute to public health improvement
than to adversely affect public health. Taken together, the evidence
suggest that, at least with respect to certain mental disorders,
psilocybin appears to offer potential benefits to patients and little
risk to public health (Belouin and Henningfield, 2018).

2.7. Factor 7: Psychic or physiological dependence liability

No apparent physiological dependence as evidenced by with-
drawal symptoms has been documented in humans (clinical ob-
servations) or animals (laboratory studies), although tolerance has
been observed (Abramson et al., 1960; Appel and Freedman, 1968;
Isbell et al., 1961). For example, no withdrawal was reported

following chronic psilocybin use in humans in ARC studies
including a study by Isbell et al. (1961) of 19 participants that
included up to 12 days of psilocybin (ascending up to 0.15mg/kg or
0.21mg/kg) followed by up to 13 days monitoring after termination
of administration. With the exception of MDMA, which is distinct
from classic psychedelics both in effects and primary pharmaco-
logical mechanism of action, the Fifth edition of the Diagnostic and
Statistical Manual of the American Psychiatric Association (DSM 5)
does not include a diagnosis of withdrawal for “hallucinogens”
(American Psychiatric Association, 2013). As concluded by O'Brien
(2011), “Frequent, repeated use of psychedelic drugs is unusual,
and thus tolerance is not commonly seen. Tolerance does develop
to the behavioral effects of LSD after three or four daily doses, but
no withdrawal syndrome has been observed” (O'Brien, 2011). The
Isbell et al. (1961) study discussed above observed tolerance
(decreased drug effect after chronic treatment) to all measured
effects of psilocybin, some of which met statistical significance.
Hollister reported on a single participant who was administered
psilocybin on a daily basis for 22 days, with doses ranging from 1.5
to 27mg per day, and noted strong tolerance, with minimal
apparent effects, to 15mg on day 22 (Hollister, 1961). After several
weeks of abstinence the same 15mg dose resulted in a robust and
typical response, demonstrating a recovery from tolerance. Cross-
tolerance occurs between psilocybin and LSD (Abramson et al.,
1960; Appel and Freedman, 1968; Isbell et al., 1961).

2.8. Factor 8: Immediate precursor of substance controlled

Psilocybin is a prodrug to the active entity, psilocin, both of
which are currently placed in Schedule I of the CSA.

3. Discussion

3.1. Summary and recommendation for CSA scheduling

All 8 factors and other lines of evidence taken together indicate
the profile of a substance that is characterized by some level of
abuse potential and potential risks. However, the findings do not
support placement more restrictively than Schedule IV. The current
placement in Schedule I is presently necessitated by the absence of
FDA approval for a psilocybin containingmedicine and Schedule I is
the only Schedule into which substances of abuse can be placed
that do not have an approved medical indication. However, it is the
opinion of the authors of this review that the original placement of
psilocybin was the result of a substantial overestimation of the risk
of harm and abuse potential. The CSA stipulates that Schedule I is
for substances with a high potential for abuse, lack of therapeutic
approval, and that cannot be used safely in medicine. History of use
and available scientific data show that the first criterion is ques-
tionable, and the third criterion is likely not true. The second of
these criteria can only be negated by FDA approval of a psilocybin-
containing products, but at this point the data suggest that the
potential therapeutic benefits of psilocybin-assisted therapy are
real, and of potential medical and public health significance.

Schedule placement is guided by an analysis of the 8 factors of
the CSA that will be drafted by the FDA with input from NIDA. The
8-factor analysis contained in this review should be considered an
abbreviated assessment of abuse potential as compared to what
would be required by the FDA to accompany the submission of an
NDA for approval of a psilocybin containing drug product.
Furthermore, considerable additional study will yet be required to
support the submission of a complete and reviewable NDA and its
abuse potential assessment. This will include at least one major
phase 3 clinical efficacy and safety trial that includes assessments
relevant to abuse potential, additional Phase 1 and/or 2 clinical
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studies, and possibly some animal testing (Calderon et al., 2017;
Sellers et al., 2017). Thus data yet to be collected will influence the
final scheduling proposal that will be made by the sponsor and, in
turn by the FDA, NIDA, and DEA. Nonetheless, considerable data
from animal self-administration and discrimination studies, and
human abuse potential studies since the 1960s provide a substan-
tial basis for the present preliminary evaluation. In contrast to
Schedule III drugs and even to many drugs placed in Schedule IV,
the reinforcing effects in preclinical studies are marginal. There is
no clear evidence of physical dependence and withdrawal in pre-
clinical or clinical studies, or among those who chronically used
illicit products. Euphoriant effects can occur under limited cir-
cumstances but appear attenuated by dysphoric effects. The doses
that pose a risk of acute poisoning death (“overdose”) appear to be
approximately 1000 times the likely highest clinical dose to be
marketed, psychological dependence resulting in daily use appears
rare, and all major drug surveillance systems reviewed in Factors 4,
5, and 6 of this analysis indicate rates of abuse, emergency
department reports, and treatment seeking in youth and adults that
are substantially lower than are evident for many Schedule IV
drugs. It is possible, of course that subsequent study with larger
populations and different designs in animals and humans, would
yield different outcomes, but this review suggests that psilocybin
would be appropriately placed in Schedule IV of the CSA if the FDA
approves a psilocybin NDA.

The authors of this review recognize that opinions in the general
population may differ substantially as it is clear that there remains
a legacy of fear regarding psychedelics since the 1960s. The role of
the 8-factor analysis of the CSA is to bring science to bear to support
the foundation for scheduling, implications for other aspects of
schedulingwhich are based onmuch of the same data. In particular,
this means the labeling that will be specific to the label section,
Drug Abuse and Dependence (section 9 of the drug labeling), and
warnings including the possible requirement of a Boxed Warning
(U.S. Food and Drug Administration, 2017d). As with all approved
drug products, determination of safe and effective by the FDA does
notmeanwithout risk, and the conclusion that the science does not
support scheduling more restrictive than IV does not mean no
abuse or dependence risk.

3.2. Implications for research and policy

This analysis has implications for future research with psilocy-
bin and for the possible development of related drugs. Perhaps
most challenging and important is research to better understand
the mechanisms of action of psilocybin and related drugs that can
produce profound and very long lasting positive changes in mood
and well-being in people who were resistant to standard care and
approved medicines. Given the extent to which undertreated and
treatment resistant mental and behavioral disorders, including
mood, anxiety, and substance use disorders, remain serious prob-
lems at the personal and societal levels in the US and globally
(Belouin and Henningfield, 2018), it could be concluded that the
need for such research is urgent.

The dearth of therapeutic and mechanistic studies of psilocybin
and other classic psychedelics over the past half-century does not
stem from a lack of interest among psychologists, psychiatrists,
pharmacologists and neuroscientists. Research has been and con-
tinues to be limited by the provisions of the CSA and the lack of
prioritization of such research by potential federal funding
agencies. As discussed elsewhere, the barriers to research imposed
by Schedule I regulation are formidable and although they do not
outright ban such research, the consequence has been that this area
of science and potential clinical application has been greatly under-
researched (Belouin and Henningfield, 2018; Nutt, 2015; Nutt et al.,

2013; Scientific American Editors, 2014; Sinha, 2001; Spillane,
2004; Woodworth, 2011). Several of the key clinical studies have
been primarily supported by private foundations rather than fed-
eral institutions such as NIH (Bogenschutz et al., 2015; Griffiths
et al., 2016; Johnson et al., 2014; Ross et al., 2016).

The science of drug abuse potential assessment has evolved
considerably in recent decades and this is evident in the FDA's 2017
guidance document, “Assessment of Abuse Potential of Drugs,” that
summarizes research strategies, and methods and discusses how
these can be brought to bear to provide the regulatory science
foundation for drug scheduling decisions. The application of this
scientific approach to further evaluate the abuse potential of psi-
locybin provides an example of how this area of regulatory science
has the potential to facilitate innovative therapeutic breakthroughs
by replacing fear and misinformation with scientifically based
conclusions and facts.
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