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1 | INTRODUCTION

Alcohol consumption is a major clinical, social, and economic problem.
In fact, during 2016, 2.3 billion people were current drinkers and the
harmful use of this substance resulted in 3 million deaths (5.3% of all
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Abstract

Classic psychedelics refer to substances such as lysergic acid diethylamide (LSD),
psilocybin, ayahuasca, and mescaline, which induce altered states of consciousness
by acting mainly on 5-HT,5 receptors. Recently, the interest of psychedelics as
pharmacological treatment for psychiatric disorders has increased significantly,
including their use on problematic use of alcohol. This systematic review is aimed
to analyse the last two decades of studies examining the relationship between clas-
sic psychedelics and alcohol consumption. We searched PubMed and Psycinfo for
human and preclinical studies published between January 2000 to December 2021.
The search identified 639 publications. After selection, 27 studies were included.
Human studies (n = 20) generally show promising data and seem to indicate that
classic psychedelics could help reduce alcohol consumption. Nevertheless, some of
these studies present methodological concerns such as low number of participants,
lack of control group or difficulty in determining the effect of classic psychedelics
in isolation. On the other hand, preclinical studies (n = 7) investigating the effect of
these compounds on voluntary alcohol consumption are scarce and show some
conflicting data. Among these compounds, psilocybin seems to show the most con-
sistent data indicating that this compound could be a potential candidate to treat
alcohol use disorders. In the absence of understanding the biological and/or psy-
chological mechanisms, more studies including methodological quality parameters
are needed to finally determine the effects of classic psychedelics on alcohol

consumption.
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deaths) worldwide and 132.6 million disability-adjusted life years
(DALYs)—that is, 5.1% of all DALYs in that year.! Despite these data,
there are only four pharmacological treatments approved in Europe
for alcohol use disorders (AUD): Disulfiram, acamprosate, naltrexone,

and nalmefene. Also, their success for reducing heavy alcohol
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FIGURE 1

Classic psychedelics and 5-HT2A receptor. 5-HT2A receptor and chemical structures of classic psychedelics and serotonin.

Although classic psychedelics also bind other serotonin receptors (such as 5-HT1A and 5-HT2C), 5-HT2A is the main site of action responsible for
the behavioural effects of psychedelics. The 5-HT2A receptor is a G-protein-coupled receptor (GPCR) that contributes to multiple complex
processes in the neocortex by way of multiple cellular mechanisms. Psychedelics can induce long-term neuronal changes, affect gene expression
and increase neuronal plasticity through the agonism of the 5-HT2A receptor. Such alterations in synaptic plasticity may well explain some of the
observed long-term substantive behavioural and cognitive changes following psychedelic administration. Interestingly, an emerging body of
evidence implicates the 5-HT2A receptor as a novel target for pharmacologic intervention for the treatment of substance use disorder (SUD),

AUD, and for smoking cessation.

consumption, craving symptoms, or abstinence rates is modest.? That
has led to the exploration of new compounds to treat AUD, among
them, serotonergic hallucinogens.®

Serotonergic hallucinogens, also known as psychedelics, are a
class of compounds that exert profound effects on the brain via sero-
tonin receptors.* Classic psychedelics refer to substances such as
lysergic acid diethylamide (LSD), psilocybin, ayahuasca (DMT) and
mescaline, which induce altered states of consciousness by acting
mainly on 5-HT,, receptors® (Figure 1). Classic psychedelics were
widely used by clinicians and researchers in the 1950-1970s to treat
several psychiatric pathologies as schizophrenia, anxiety, mood disor-
ders, or addiction. For AUD, the most used was LSD throughout these
two decades.® Several studies reported that classic psychedelics led to

reductions in craving and alcohol consumption through an improve-
ment in self-acceptance and interpersonal relationships. Furthermore,
the studies indicated that these compounds showed a low risk of
compulsive use and low levels of physiologic toxicity.® However,
these studies presented methodological problems such as absence of
control groups, treatment groups inconsistently defined, or absence
of blinding procedures, among others.”® In 1965, LSD was listed as
prohibited substances in the United States and were removed from
legal circulation and other psychedelics followed later. The same hap-
pened in the United Kingdom and Europe, leading to the cessation of
psychedelic-assisted interventions.”

However, after decades of suspension, the interest was renewed

in the 1990s, carrying out studies designed with a slightly more
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careful experimental methodology. Currently, some of the pathologies
studied are major depression, anxiety, or substance use disorders.'°
The objective of this systematic review is to provide an overview of
the last two decades of human and preclinical studies on the thera-

peutic effects of classic psychedelics in treatment of AUD.

2 | MATERIAL AND METHODS

2.1 | Search strategy

Literature search was conducted on Pubmed and PsycInfo databases
for studies published since 01/01/2000. Since the purpose was to
assess recent evidence regarding the topic, this particular period was
chosen. The search was restricted by English and Spanish language
and conducted with the following search string “(classic psychedelics
OR lysergic acid diethylamide OR psilocybin OR ayahuasca OR mesca-
line) AND alcohol.” Only journal articles were selected for screening.
All the searches were conducted during November and December of
2021. The Systematic Reviews and Meta-Analysis guidelines
(PRISMA) served as guiding principles for the data collection for this

review.?

2.2 | Inclusion and exclusion criteria

We included research papers, experimental and observational data,
showing the relationship/association between classic psychedelics
use and alcohol consumption, conducted in both human and animal
models and published from 2000. We excluded review, commen-
tary, conference and interview papers, qualitative data studies, and
no full-text available articles. Likewise, studies focus on other psy-
chedelic substances, such as MDMA or ketamine, were not
included. In human studies, both the data of AUD participants and
people without diagnosis were analysed. We did not limit studies
to type or purpose of classic psychedelic use (i.e., recreational or
therapeutic) or apply any age, ethnicity, or geographic setting
limitations. In animal studies, there were no restrictions based on
outcome measurement, such as direct alcohol intake or other
phenomena associated with alcohol consumption in preclinical

models.

2.3 | Data screening and extraction

We screened all citations and abstracts retrieved from the search
strategy and identified articles for full-text extraction. Two authors
(JCC and JAMG) performed the literature search and screening
independently. Any unresolved disagreements were directed to an
independent author (JALM) for a final decision and resolution. All
the authors agreed on the included articles. The reported findings
from each study were extracted by JCC and checked by JAMG.
Two authors (JCC and VEA) assessed the included studies using
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the National Institutes of Health quality assessment tools (https://
www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools) to
identify potential biases in the studies related to the research ques-
tion (criteria used to quality assessment are listed in the Supporting
Information). Discrepancies on the quality assessment were
resolved through discussions with a third author (JALM). For human
studies, collected data included in Table 1 were as follows: Sub-
stance, sample size, study characteristics, main results, and quality
assessment. For preclinical studies (Table 2), the following data
were collected: Species, substance and doses used, model, and
main results. Studies were grouped by psychedelic substance for
the synthesis.

3 | RESULTS

3.1 | Search results

Figure 2 shows a flowchart of the selection process. Twenty-seven
articles were included in this review. Mendeley Reference Manager
software was used to identify duplicate articles in the cited databases.
Among the 585 nonduplicate articles initially included, 155 manu-
scripts (26.5%) did not meet the article type criteria (reviews, inter-
views, etc.) and were rejected. The remaining 430 articles were
subjected to title and abstract review and 93.9% of them (n = 404)
were discarded because they did not refer to classic psychedelics
(n=151), did not show data related to alcohol consumption
(n = 216), or did not analyse quantitative data (n = 37). When there
was disagreement or ambiguity about inclusion during the title and
abstract screening, the full reference was obtained to allow further
scrutiny of the study eligibility. In the next step, two articles (7.7%)
were excluded due to not having full text available. Finally, 24 articles
were selected from this search. After carefully reading these studies,
we found that they referenced three additional manuscripts that were
not included in the initial search, reaching the 27 definitive articles
included. Studies carried out in humans present two main types of
experimental designs: Observational studies (n = 17) and psychedelic-
assisted interventions (n = 3). Among preclinical studies (n = 7), 57%
evaluated the effect of classic psychedelics on alcohol consumption
and the rest of studies, other phenomena associated with alcohol con-
sumption in animal models (e.g., alcohol-induced conditioned place
preference). Tables 1 and 2 show the main characteristics of the stud-

ies carried out in humans and animals, respectively.

3.2 | General findings

321 | LSD

LSD is a semisynthetic natural product derived in nature from the rye
fungus, Claviceps purpurea, first synthesized in 1938 by Albert Hof-
mann. The study of LSD as a candidate substance for the treatment of

drug abuse began in the 1950s and continued until the 1970s. During
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TABLE 1

Reference
number

14

15

16

17

22

25

36

37

38

39

40

41

42

43

44

55
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Summary of studies exploring the relationship between classic psychedelics and alcohol use in humans

Substance
LSD
Psilocybin

LSD
Psilocybin
Ayahuasca
Mescaline

LSD
Psilocybin
Others

LSD
Psilocybin

Psilocybin

Psilocybin

Ayahuasca

Ayahuasca

Ayahuasca

Ayahuasca

Ayahuasca

Ayahuasca

Ayahuasca

Ayahuasca

Ayahuasca

Mescaline

Sample
size

22

343

1102

278

10

409

84

242

96.901

7.939

8.629

121

36

452

Study characteristics

Retrospective Interviews about Previous
LSD/Psilocybin Use

Retrospective survey about the effect of
classic psychedelic use on alcohol
consumption.

Online survey exploring people's
experiences of using psychedelics at
microdoses

Retrospective survey analysing subjective
microdosing benefits.

Evaluation of a Psilocybin-assisted therapy
for alcoholism.

Observational assessment of psilocybin
use and its association with the
consumption of other drugs

Analysis of alcohol consumption in a
sample of adolescent ayahuasca users.

Assessment of the severity of alcohol
addiction in ayahuasca users.

Assessment of social and psychological
variables in ayahuasca users.

Online survey exploring problematic
drinking among ayahuasca users, other
classic psychedelics users and controls

Evaluation of alcohol and tobacco
consumption in ayahuasca users.

Online cross-sectional study of people
who have consumed ayahuasca.

Descriptive analysis of DMT use patterns
in a sample of consumers.

Evaluation of an Ayahuasca-assisted
intervention for problematic substance
use.

Evaluation of an Ayahuasca-assisted
intervention for problematic substance
use.

Online questionnaire evaluating psychiatric

disorders in mescaline users.

Main results

LSD blocked the subjective effects of
alcohol in 86.7% of the participants.
Psilocybin did not block these effects

After the psychedelic experience, 83% no
longer met Alcohol Use Disorders
criteria.

58% of participants reduced or stopped
their alcohol since commencing
microdosing.

42.3% of participants indicated decreased
their alcohol consumption

Per cent drinking days decreased during
weeks 5-12 relative to baseline (Mean
Difference = 27.2%) and relative to
weeks 1-4 (MD = 21.9%)

No difference was observed between
users and nonusers of psilocybin.

Ayahuasca adolescents used less alcohol
(46.3%) than the control group (74.4%).

Ayahuasca users showed significantly
lower scores than controls on the
Addiction Severity Index Alcohol Use.

Ayahuasca users showed less recent use
of alcohol than controls.

The Ayahuasca User group (9.41) had a
lower total AUDIT score than the
Classic Psychedelic User group (10.33)
but higher score than Controls (8.45).

Alcohol use disorders were significantly
lower in ayahuasca users than in
controls in all age ranges (18-24 years:
4.9 vs. 19.2%; 25-34: 2.3 vs. 14.7%;
>35: 1.0 vs. 10.4%).

A positive association was observed
between the number of ayahuasca uses
and the likelihood of lower alcohol use.

Among the DMT users, 89.3% indicated
having consumed alcohol in the
previous 30 days and 31.4% of the
sample reported binge drinking during
that period.

After the intervention, a decrease in
alcohol consumers was observed (from
5to 2).

The intervention led to a significant
reduction in severity of alcohol use
(measured by Addiction Severity Index
composite scores) from 0.38 to 0.06.

Of those respondents reporting a prior
alcohol misuse or AUD, 76% reported
improvements in these conditions
following mescaline use.

Quality

assessment

Good

Poor

Good

Fair

Good

Poor

Good

Good

Good

Good

Good

Fair

Fair

Good

Good

Poor
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TABLE 1 (Continued)
Reference Sample
number Substance size
56 Mescaline 3.861
57 LSD 149
Psilocybin
Mescaline
59 LSD 98
Psilocybin
Others
60 LSD 13.840
TABLE 2
models
Reference  Species  Substance
18 Mice LSD
19 Rats LSD
Psilocybin
26 Rats Psilocybin
45 Mice Ayahuasca
46 Mice Ayahuasca
47 Mice Ayahuasca
52 Rats Ayahuasca

this period, studies indicated the beneficial potential of this molecule
in AUD.'? A meta-analysis of six randomized controlled trials (1966-

1970) administering a single dose of LSD for treatment of AUD found

Study characteristics

Epidemiologic investigation of substance
use among American Indian youth.

Interviews evaluating the patterns of
simultaneous polysubstance use in
university students.

Survey analysing simultaneous
polysubstance use in young adults who
reported use of MDMA or hallucinogens

Survey analysing psychosocial factors
related to LSD use in adults

s WILEY_LS°®

Quality
Main results assessment
Thirty-day alcohol use was related to both Fair
spiritual and recreational peyote use
46.6% of the university students indicated  Good
a simultaneous consumption of alcohol
and mescaline, 41.2% psilocybin and
alcohol and 25% LSD and alcohol.
Alcohol was typically consumed before, Fair
during and after LSD (67% of the
participants) and psilocybin (54%) use.
Participants who reported using alcohol Fair

before the age of 21 years were 23.5
times more likely to report lifetime LSD

Dose

25 and 50 pg/kg

0.08 and 0.32 mg/kg
0.1,1, 2.5, and
10 mg/kg

1 and 2.5 mg/kg

30, 100, 200, 300, or
500 mg/kg

30, 100, and
300 mg/kg

1.76 mg/kg

0.13,0.26, and
0.52 mg/kg

use.

Model

Voluntary alcohol consumption (2-bottle
choice drinking paradigm)

Alcohol Deprivation Effect (2-bottle
choice drinking paradigm)

Relapse-like behaviour (Operant Self-
Administration)

Alcohol-induced behavioural
sensitization

Alcohol-induced Conditioned Place
Preference

Alcohol-induced behavioural
sensitization

Voluntary alcohol consumption
(Intermittent access to 2-bottle
choice)

in alcohol

participants.*3

consumption

Summary of studies exploring the effects of classic psychedelics on alcohol consumption and phenomena associated in animal

Main results

50 pg/kg LSD reduced alcohol
consumption (17.9%) over an interval
of 46 days following LSD
administration.

Only a sub-chronic treatment with
psilocybin produced a 20% reduction
in alcohol consumption during the first
day of relapse. No effects of LSD
observed

Psilocybin led to a reduction (40-50%)
in relapse for alcohol. Also, psilocybin
was capable of restoring mGIuR2
expression levels, altered by alcohol
consumption.

Ayahuasca showed high sensitivity in
preventing the development of
alcohol-induced behavioural
sensitization, without affecting the
locomotor activity of the animals.

Ayahuasca blocked the development of
Alcohol-induced Conditioned Place
Preference.

Ayahuasca attenuated the expression of
ethanol-induced behavioural
sensitization, caused an anxiolytic
effect during ethanol withdrawal and
modulated several neuroplastic
changes induced by ethanol

Ayahuasca treatment for 5 days had no
effect on voluntary alcohol
consumption, but reversed the effect
of alcohol consumption on cFos.

that participants receiving LSD showed greater odds of improvement

(OR =1.96, p=0.0003) than control
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PubMed Search
(n=238)

PsyclInfo Search

(n=401)

Search results combined
(n=639)

~

Studies included for
article type screen
(n=585)

-------------------- » 11 Commentary articles

Studies included for
abstract screen
(n=430)

Studies included for
full text screen
(n=26)

} ------------------- > [ Duplicates: n=54

Excluded: n=155 (26.5%)
138 Review articles

2 Conference articles
4 Interview articles

p
Excluded: n=404 (93.9%)
151 No classic psychedelics studies
216 No alcohol consumption studies
37 Qualitative studies

.

Excluded: n=2 (7.7%)
2 No full text available

Articles meeting the
inclusion criteria
(n=24)

Additional studies identified
throughout other sources
(n=3)

Articles included in the
Systematic Review
(n=27)

FIGURE 2

Contrary to what happened during the past century, in recent
years few studies have studied the effect of LSD on AUD. In addition,
those carried out in humans are observational and sometimes the
results refer to subjective variables of the participants. Thereby, in
2000, Barrett et al. conducted a study in which they analysed the par-
ticipant's previous experiences with alcohol and LSD/psilocybin when
used alone or in combination. The main result showed that 86.7% of
the participants who performed a concurrent use of alcohol and LSD
reported a complete blockade of alcohol's subjective effects, while
the remainder reported a diminished effect. Compared with psilocy-
bin, LSD showed greater effects reducing the alcohol-induced subjec-
tive effects.'® Another observational study analysed the effect of
classic psychedelic use on alcohol consumption. Among the sample of
participants, 38% reported having used LSD. The most relevant result
of the study indicates that, after the psychedelic experience, 83% no
longer met AUD criteria. Interestingly, 28% stated that classic psy-
chedelics caused a change in life priorities and values that led to a

Flow diagram of records identified, screened, and included

reduction in alcohol consumption. When interpreting the results of
this study, it is important to note that one of the inclusion criteria
was “Had used a classic psychedelic outside of a university or medi-
cal setting, followed by reduction or cessation of subsequent alcohol
use.” In other words, one of the requirements to participate in this
study was to have reduced alcohol consumption after having used a
classic psychedelic. This type of recruitment may compromise the full
conclusions of the study. In addition, the results refer to the entire
sample of participants, in which there are subjects who consumed
LSD, psilocybin, or ayahuasca. Therefore, the individual effect of each
psychedelic is unknown.'® The same occurs in a study published by
Lea et al. in 2020.% These researchers conducted an international
online survey that aimed to examine people's experiences using psy-
chedelics at microdoses (very low doses of psychedelic drugs on a
routine schedule without the intention of experiencing effects typi-
cally experienced at higher psychedelic doses) as self-managed thera-

pies to improve mental health or reduce alcohol consumption. Among
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the 1102 participants, 45% used LSD (average consumption = 11 pg).
The results indicate that 58% of the participants reduced or stopped
their alcohol consumption since commencing microdosing. Although
this is a promising result, the individual effect of LSD is unknown,
since the sample consisted of participants who used LSD, psilocybin
or other substances. This reduction is similar to that shown in the
manuscript published by Anderson et al. in 2019 concerning
microdoses.*”

The first study to analyse the effects of LSD on animal models
of alcohol intake was carried out in 2018 in mice.*® Alcohol con-
sumption was assessed using a two-bottle choice drinking paradigm
and two doses of LSD (25 and 50 pg/kg) were tested. The results
showed that mice treated with 50 pg/kg LSD reduced their alcohol
consumption compared to the control group, as was alcohol prefer-
ence. The reduction in consumption was sustained over an interval
of 46 days following LSD administration. No significant effects were
observed in mice treated with 25 pg/kg LSD. Given these results,
the authors argued that the effect reported in previous clinical stud-
ies may be not fully explained by psychological factors and involves
a biologically mediated effect. Another recent study carried out in
Wistar rats did not produce such promising data. The objective of
this research was to analyse the effect of three different treatment
schedules with psilocybin/LSD on the alcohol deprivation effect, a
model used to study alcohol relapse in animal models. As in the pre-
vious study, alcohol consumption was assessed using a two-bottle
choice drinking paradigm. However, in this study neither of the two
doses of LSD used (0.08 and 0.32 mg/kg) had an effect on alcohol

deprivation effect.'?

3.2.2 | Psilocybin

Psilocybin is the main psychedelic ingredient of mushrooms of the
genus Psilocybe,? first isolated in 1958 by Albert Hofmann. Although
some research was carried out in the context of psycholysis,
clinical research on psilocybin during the past century was not as
significant as in the case of LSD. However, recent interest in
treatment with classic psychedelics has led to the development of
several clinical trials whose objective is to study the effect of
psilocybin on alcohol consumption (ClinicalTrials.gov ldentifiers:
NCT04718792, NCT04141501, NCT04620759, NCT04410913,
NCT01534494, NCT02061293).

Bogenschutz et al. have made important contributions to the
study of psilocybin as a treatment for AUD. These researchers have
designed an experimental psilocybin-assisted therapy for alcoholism?*
whose results have been published in several papers. This therapy
consists in a psychosocial intervention involving 12 sessions. Four
sessions before the first psilocybin session, four sessions between
the first and second psilocybin sessions, and four sessions after the
second psilocybin session. For the first psilocybin session, partici-
pants received a dose of 0.3 mg/kg. For the second session, the dose
was increased to 0.4 mg/kg. The dose range was chosen according to

published psilocybin research with healthy volunteers and doses of
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LSD used historically in the treatment of alcoholism. The first study
based on this therapy was carried out in 10 subjects who presented
an active alcohol dependence. The results showed that following the
first psilocybin session, per cent heavy drinking days and per cent
drinking days were significantly lower than baseline at all follow-up
points. For example, per cent drinking days decreases 27.2% during
weeks 5-12, compared to baseline. Importantly, the improvement
was not statistically significant during the first 4 weeks of participa-
tion, when participants received weekly therapy but had not yet
received psilocybin.??2% Later studies of Bogenschutz et al. aimed at
investigating several potential mediators of treatment effect, includ-
ing motivation, self-efficacy, craving, depression, anxiety, and spiritual
dimensions of the experience.?* Although this article is based on
three descriptive case studies, some of the conclusions were that the
participants experienced an increased control over choices, as well as
acute and lasting alterations in their perception of self and their rela-
tionship with alcohol.

In 2013, Hallock et al. carried out an observational study in
409 undergraduate participants aimed to analyse the perception
towards the consumption of psilocybin and its association with the
consumption of other drugs®>; 29.5% of the sample reported psilocy-
bin use. Results showed that psilocybin users were significantly more
likely to use other drugs such as cocaine, ecstasy, opiates, nonpre-
scribed prescription drugs, and LSD than nonusers of psilocybin.
Regarding alcohol consumption, no difference was observed between
users and nonusers of psilocybin (97% and 96%, respectively). These
data suggest that the regular use of alcohol for the most part of the
population makes it difficult to find an association between psilocybin
and alcohol consumption. Barrett et al. investigated the interaction of
LSD and psilocybin on the subjective effects of alcohol. No partici-
pants reported that the administration of psilocybin completely
blocked the subjective effects of alcohol, although 60% of the psilo-
cybin users reported a diminished response to alcohol. And as stated
previously, psilocybin antagonism of the alcohol effect was signifi-
cantly lower than LSD.** Regarding animal models, psilocybin has
shown interesting data in the studies published by Meinhardt
et al.'”2® The study carried out by these authors in 2020 analysed
the effect of three different treatment schedules on a relapse-like
drinking model in rats. In the first study, a subchronic moderate treat-
ment of 1 mg/kg psilocybin was used; the second one explored the
effect of medium to high doses of LSD and psilocybin and the third
experiment analysed the effect of chronic intermittent microdosing
of psilocybin during abstinence on subsequent relapse-like drinking
behaviour. The results obtained showed that only a subchronic treat-
ment with psilocybin (1 mg/kg), produced a 20% reduction in alcohol
consumption during the first day of relapse.r” These data are sup-
ported by the article published in 2021 in which these authors
showed that psilocybin (1 and 2.5 mg/kg) led to a reduction (40-
50%) in relapse for alcohol compared to the vehicle.?® It is important
to note that these authors go further and propose a biochemical
pathway for the observed effect. Psychedelic drugs have been
reported to act via a complex interplay between 5HT,,, metabotropic

glutamate receptors 2 (mGIuR2), and NMDA receptors to mediate
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neurobehavioural and pharmacological actions. In that sense, psilocy-
bin would reduce relapse for alcohol through the interaction between
5-HT,a and mGIuR2, which can assemble into a functional complex
and modulate each other's function.?”?® Interestingly, mGIuR2 are
particularly abundant in the neural circuits connecting the medial pre-
frontal cortex (mPFC) with the nucleus accumbens (NAc), which regu-

29-31

late drug craving and relapse and cognitive flexibility.3? Also, it

has been reported that long-term exposure to drugs of abuse can
lead to diminished function and down-regulation of mGIluR2.3334
These authors describe that alcohol dependence in humans and
rodents is associated with a long-term reduction of mGIuR2 expres-
sion, specifically in the infralimbic subregion of mPFC. The results
obtained by them suggest that psychedelic treatment may be able to
restore deficits in several behavioural domains caused by mGIuR2

dysfunction in the mPFC.

3.2.3 | Ayahuasca

Ayahuasca is a botanical drink prepared by the decoction of Banister-
iopsis caapi (rich in p-carbolines such as harmine, harmaline, and tetra-
hydroharmine) and Psychotria viridis, which contains N,N-
dimethyltryptamine (DMT, a tryptamine hallucinogen with a chemical
structure similar to serotonin).®> In recent years, a growing number of
scientific publications indicate that ayahuasca could have beneficial
effects in the treatment of substance use disorders. Specifically, sev-
eral studies indicate that ritual and recreational ayahuasca users have
lower alcohol consumption and fewer alcohol-related problems than
control groups.27*! An exception to these interesting findings would
be the one carried out by Cakic et al. in 2010 in which they analysed
alcohol use patterns in a sample of 121 consumers who had used
DMT at least once in their lifetime.*?> Among the participants, 89.3%
indicated having consumed alcohol in the previous 30 days and almost
one third of the sample reported binge drinking during that period.
Additionally, 27.2% of DMT smokers reported commonly smoking
DMT with alcohol.

Unlike these observational studies, Thomas et al. proposed and
tested in 2013 an ayahuasca-assisted intervention for problematic
substance in 10 participants.*® This was titled “Working with Addic-
tion and Stress” and consisted of four consecutive days and three
nights incorporating two ayahuasca ceremonies, one on the second
and another one on the third evening. At various intervals during the
4 days, therapy sessions were held to elicit personal reflection and
insights about traumatic life experiences and consequent emotional
and psychological responses. Before starting the intervention, five
participants reported problematic alcohol use. The main results of the
study showed that alcohol, tobacco, and cocaine were used by fewer
participants in the 4 weeks preceding the final follow up (seventh
week) than in the baseline. Regarding alcohol, the participants who
reported having a problematic consumption decreased from five to
two. Additionally, the study showed improvements in several cogni-
tive and behavioural states (enhanced mindfulness, personal empow-

erment, hopefulness and changes in quality of life meaning) that could
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be determining the recovery from problematic substance use. There is
another study published by Berlowitz et al. in 2019 that shows the
effect of the combination of Amazonian medicine, which includes
preparations based on the ayahuasca plant, and conventional thera-
peutic methods (e.g., relapse prevention, psychodrama, and biomedi-
cal health checks).** This study was carried out in 36 dependence-
diagnosed participants (63.9% of them presenting AUD) for a period
of 3 and 12 months. The main result of the study indicated that the
intervention led to a significant reduction in severity of alcohol use
from 0.38 to 0.06 according to the Addiction Severity Index compos-
ite scores.

The conclusions of these studies would indicate that ayahuasca
could help reduce alcohol consumption through the modification of
some cognitive and behavioural states that might be restricted to
humans. To challenge this idea, recent experimental studies have been
carried out in animal models, which are exempt from these human fac-
tors. In 2015, a study published by Oliveira-Lima et al. indicated that
five different doses of lyophilized ayahuasca (30, 100, 200, 300, or
500 mg/kg) showed high efficacy in preventing the development of
alcohol-induced behavioural sensitization in mice, without affecting
the locomotor activity of the animals.*> Behavioural sensitization is a
phenomenon that is thought to be an underlying adaptation responsi-
ble for addiction to drugs of abuse and to share neuronal mechanisms
with craving. In a later study it was shown that pretreatment with aya-
huasca (30, 100, and 300 mg/kg) blocked the development of alcohol-
induced conditioned place preference.*® This paradigm informs us
about the rewarding intrinsic properties of any substance. In addition,
it was studied whether the components of ayahuasca separately,
B. caapi and P. viridis, could have a similar effect. But these compo-
nents did not produce such an effect. Another recent study carried
out by Almeida et al. found that oral administration of ayahuasca
(1.76 mg/kg DMT) during eight consecutive days attenuated the
expression of alcohol-induced behavioural sensitization in mice. In
addition, ayahuasca caused an anxiolytic effect during ethanol with-
drawal and modulated several neuroplastic changes induced by etha-
nol. Specifically, ayahuasca prevented the ethanol-induced changes
on 5-HT4a receptor and prodynorphin levels in the hippocampus and
reduced ethanol effects in the dynorphin/prodynorphin ratio levels in
the striatum.*” This effect on dynorphin could help explain the thera-
peutic potential of these substances on alcohol consumption. On the
one hand, the striatum has an essential role in cognitive and limbic
functions,*® whereas hippocampus is related to memory, motivation,
and reward.*? On the other hand, it has been shown that the system
formed by the dynorphin and kappa opioid receptors modulates alco-
hol consumption in animal models, being able to mediate the ability of
stress to increase drinking.>%>!

We have only found one study investigating the effect of ayahua-
sca on voluntary alcohol consumption in animal models, specifically in
Wistar rats. In this study, ayahuasca treatment for 5 days at doses
around the ritual dose (0.5x, 1x, and 2x) had no effect on voluntary
alcohol consumption using the intermittent access to 2-bottle choice

|52

protocol.”* The authors indicate that the ritual dose corresponds to

150 ml of ayahuasca taken by a 70-kg person, and to 0.26 mg/kg bw

85US01 7 SUOWILLIOD BAIERID 3|deatdde 3y} Aq paueA0B 88 SS[1e YO ‘SN 0 S8INJ J0j ARIqIT 3UIIUO AB|I/V\ UO (SUO 3 IPUCD-pUB-SLUBYWOD A8 | M ARJq 1 BU1|UO//SA1Y) SUORIPUOD PUe SWie 1 84} 83S *[7202/T0/8T] U0 A%iqiT8ulluO A8 |IM ‘622ET APR/TTTT OT/I0P/W00 A8 1M AeIq Ul u0//SARY Wol4 papeojumoq ‘9 ‘220z ‘009T69ET



CALLEJA-CONDE ET AL.

DMT, 2.58 mg/kg bw harmine, 0.171 mg/kg bw harmaline, and
0.33 mg/kg bw tetrahydroharmine.

3.24 | Mescaline

Mescaline is a naturally occurring phenethylamine that can be pre-
pared synthetically or extracted from the peyote or San Pedro cactus.
It is a compound often used by Native Americans as a religious sacra-
ment, which has also long been used in the treatment of chronic alco-
holism among this group, in which alcohol consumption represents a
serious problem.>37>° Recent research on the effect of mescaline on
alcohol consumption is very scarce and provides conflicting results.
Thereby, Prince et al. published an epidemiological paper® in 2019
exploring the relationship between 30-day alcohol consumption and
peyote use by young American Indians (n = 3.861). Contrary to what
historical reports suggest, the results showed that alcohol consump-
tion was positively associated with peyote use. Specifically, 30-day
alcohol use was related to both spiritual and recreational peyote use.
Odds ratios were larger for recreational peyote use as compared with
spiritual use, suggesting a greater likelihood of recreational peyote
use for current alcohol users. Whether these substances were used
concurrently is not known. On the other hand, an article published in
2006 shows that 46.6% of the university students who consume mes-
caline reported simultaneous consumption with alcohol.”” In another
study, Agin-Liebes et al. examined whether mescaline use was associ-
ated with improvements in self-reported depression, anxiety, post-
traumatic stress disorder, and alcohol/drug use disorders. The study
was carried out in a sample of adult participants (n =452) who
reported use of mescaline in naturalistic settings. Of those respon-
dents reporting a prior alcohol misuse or AUD, 76% reported

improvements in these conditions following mescaline use.>®

4 | DISCUSSION

This systematic review provides an overview of the last two decades
of research of classic psychedelics and alcohol consumption. Since the
beginning of this century, a large number of reviews have been pub-
lished about the therapeutic potential of these compounds. However,
these reviews often refer to classical studies, that is, 1950-1970s
period. Contrary to old reports, which were limited to some case
reports, the recent research presents mainly three types of studies:
(1) Observational studies consisting of interviews or cross-sectional
surveys, (2) psychedelic-assisted interventions, and (3) studies carried
out in animal models.

In general, observational studies show positive results and place
these compounds as candidates for treating AUDs. However, these
studies present some methodological concerns that make it difficult to
draw definitive conclusions. One of these concerns presented by
observational studies is that there is not always control over the
administered dose. This compromises the association between doses

and therapeutic effects. Another methodological concern is that the
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effects examined after psychedelic use depends on the subjectivity of
the participant and seems to be determined by the specific characteris-
tics of psychedelic experiences.”® Also, the inclusion of participants in
these studies may not have the control shown by other experimental
designs and the inclusion criteria of some studies may make it difficult
to generalize the results obtained. It is important to note that some of
the observational studies reviewed do not aim to analyse the effect of
these compounds on alcohol consumption but rather show descriptive
data on the consumption of different psychoactive substances. There-
fore, we cannot infer any causality. Also, it is difficult to conclude a
specific effect of these compounds on alcohol consumption in such
studies, since alcohol is a frequently consumed substance and is often
part of recreational activities. For example, a study carried out in par-
ticipants who reported the use of MDMA or hallucinogens in the past
12 months, showed that more than half of LSD or psilocybin users
often used concurrently with alcohol.®® In relation with this, this
review refers to the effect of classic psychedelics on alcohol consump-
tion, but there are also observational studies that explore the opposite
direction, that is, the effect of alcohol consumption on psychedelic
use. For example, a study published in 2019 by Yockey et al. showed
that participants who reported alcohol use before the age of 21 years
were 23.5 times more likely to report lifetime LSD use.®® This suggest
that early alcohol consumption could be a risk factor for LSD use.
Unlike some of the observational studies, psychedelic-assisted
interventions can be designed from the beginning and therefore over-
come some of the problems presented by observational studies. This
type of studies shows promising data, in which classic psychedelics
can be understood as therapy enhancers, facilitating psychic/
psychological responding, thus deepen psychotherapy. Because of
that, it is not easy to isolate the pharmacological effects of these com-
pounds from the results of psychotherapy. Regarding this, according
to Romeo et al., several factors could modulate the quality of a psy-
chedelic session, such as the environment in which the session takes
place, the expectations of the subject and the intensity of the acute
psychedelic experience.10 It should be noted that these interventions
show positive results. However, they have important limitations that
include a small sample size and the lack of control or blinding.
Although previous studies seem to indicate that classic psyche-
delics would help reduce alcohol consumption by promoting several
variables as the understanding of potential outcomes of choices and
improving decision making, some studies have been carried out in
animal models. The studies reviewed in this manuscript have not
only evaluated the effect on voluntary consumption, but also on
other phenomena associated with alcohol consumption in animal
models such as alcohol-induced conditioned place preference or
alcohol-induced behavioural sensitization, showing a reduction on
the psychophysiological effects of alcohol. Among these studies, the

19.26 possibly

compound showing the strongest data is psilocybin,
acting on alcohol consumption through the interaction between
5-HT,5o and mGIuR2 receptors. These data, together with those
obtained in humans, place this compound as a potential treatment
for AUD and point out the need for studies to evaluate the long-

lasting effects of psilocybin on alcohol consumption. Concerning the
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rest of substances, among studies that evaluated alcohol consump-
tion directly, only a LSD 50 pg/kg dose had an effect in the study
by Alper et al.'® Results shown in the manuscript of Meinhardt et al.
in 20207 do not support this data, since in this study two higher
doses of the same substance (0.08 and 0.32 mg/kg) had no effect.
Obviously, these differences may be due to the species used in the
studies (rats vs. mice), the alcohol consumption paradigm or the
treatment schedule applied, among others. Therefore, there is a need
for replication of results.

In addition to the interaction between 5-HT,n and mGIluR2
receptors suggested by Meinhardt et al., another molecular mecha-
nism underlying the observed effects could be the role of 5-HT,a
receptors on the ventral tegmental area (VTA). In the mesocorticolim-
bic circuit, VTA plays an essential role in reward, motivation, cogni-
tion, and aversion. VTA neurons mainly consist of dopaminergic
projection neurons under the inhibitory control of GABAergic inter-
neurons. On the one hand, since the VTA receive substantial innerva-
tions from the dorsal raphe serotonergic neurons, 5-HT,a receptor is
believed to modulate these neurons in the VTA.*27%% On the other
hand, it is known that alcohol effects on VTA are mediated by GABA
receptors and that alcohol exposure produces inhibitory neurocircuit
plasticity in the VTA (i.e., excitation of GABA neurons) that can pro-
mote subsequent alcohol consumption.®4~¢® These data are important
since this inhibitory plasticity is reversible by 5-HT2,, receptor agon-
ism via functional enhancement of the potassium-chloride cotranspor-
ter KCC2.%2 In that sense, a recent study by Kimmey et al.®’
demonstrates that 5-HT,a receptor agonists reduce alcohol consump-
tion in rodents by restoring VTA ClI- homeostasis.

In addition to communication between the VTA and GABAergic
neurons, the transition from a nondependent to a drug-dependent
motivational state is accompanied by increased levels of brain-derived
neurotrophic factor (BDNF) in the VTA.%%%? As a result, BDNF-
mediated adaptions in the reward circuit produce and maintain a state
of dependence in response to withdrawal by setting up aversive moti-
vational mechanisms.”® Since 5-HT,a receptors and GABAergic neu-
rons differentially regulates the expression of BDNF in the brain, it
has been suggested that 5-HT, agonists could reduce the expression
of BDNF through GABAergic pathways.”>”? Vargas-Pérez et al.”®
confirmed this hypothesis in 2017, showing that the administration of
a 5-HT, agonist can prevent and reverse the VTA neural modifica-
tions by preventing the up-regulation of BDNF and thus the key neu-
ral changes in the VTA. All together, these results suggest potential
cellular and synaptic mechanisms by which 5-HT, activation can
treat stress- and alcohol-related disorders.

Although the reviewed articles seem to indicate a great poten-
tial of these compounds, few studies have been carried out. Progress
in this field has been slowed down due to its bad reputation regard-
ing its side-effects.”* However, research consistently assesses psy-
chedelics as much less harmful to the user as well as to society
compared to alcohol and almost all other controlled substances.”® In
fact, in nonclinical settings there have been rare cases of psyche-
delics triggering serious mental health effects, such as psychosis.”®

Also, this risk is greatly reduced with psychiatric screening. Thus,
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individuals with a predisposition towards psychotic illnesses should
be excluded from clinical treatment with psychedelics.”” On the
other hand, very few psychedelic users report a loss of control over
their use of these compounds and scientific research has often
shown that psychedelics do not cause dependence or compulsive
use.”®78% In relation to the possible physiological risks, most
researchers now consider classic psychedelics to be nontoxic and
physiologically safe (overdose deaths have occurred due to ingestion
of very large doses or by mixing psychedelics with other drugs).”®
Finally, another problem with this therapeutic alternative is that
these compounds are psychoactive drugs. However, there are prece-
dents of drugs of abuse that have been used in the clinic, as in the
case of lisdexamfetamine dimesylate, a pro-drug of d-amphetamine
that was first approved by the FDA in 2007 for the treatment of
attention-deficit/hyperactivity disorder (ADHD) and Binge-eating
disorder.81:82

Taken together, the data collected indicate that classic psyche-
delics are potential candidates for treating excessive alcohol con-
sumption. It is important to note that no study shows an increase in
alcohol consumption as a consequence of psychedelic use. This is con-
trary to the effect shown by other psychoactive substances such as

8 85 86,87 morphine,ss

nicotine,®® cocaine,®* amphetamine,” cannabinoids,
or caffeine,®” which have been shown to increase alcohol consump-
tion. On the other hand, due to psilocybin studies seem to indicate a
mediation of cognitive aspects, we could hypothesize that the overall
effect observed is produced through a modification of some cognitive
and behavioural states leading to a “personal transformation”
(i.e., changes in the perception of self and in the life meaning, as well
as an increase in self-efficacy and in ability to calmly attend to the
present moment, leading to the perception of personal growth). We
can hypothesize that these changes act indirectly on alcohol con-
sumption through an increase in motivation or improvements in anxi-
ety and affective states,** since a decrease in depressive and anxiety
symptoms might help improve AUD, due to the association between
cognitive and emotional processes and addictive disorders.*°2° How-
ever, it is necessary to deepen into this association to analyse how
this “personal transformation” leads to a reduction in alcohol con-
sumption. In the absence of understanding of the mechanisms under-
lying the possible effects, more studies including methodological
quality parameters are needed to analyse if some of these compounds
placed into a highly restrictive category can be effective to treat the
problematic use of a substance widely accepted socially, but responsi-

ble for 3 million deaths a year.
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