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Abstract

Classic psychedelics, including lysergic acid diethylamide (LSD), psilocybin, mescaline, N,N-dimethyltryptamine (DMT) and 5-methoxy-N,N-
dimethyltryptamine (5-Me0-DMT), are potent psychoactive substances that have been studied for their physiological and psychological effects.
However, our understanding of the potential interactions and outcomes when using these substances in combination with other drugs is limited. This
systematic review aims to provide a comprehensive overview of the current research on drug-drug interactions between classic psychedelics and other
drugs in humans. We conducted a thorough literature search using multiple databases, including PubMed, PsycINFO, Web of Science and other sources to
supplement our search for relevant studies. A total of 7102 records were screened, and studies involving human data describing potential interactions
(as well as the lack thereof) between classic psychedelics and other drugs were included. In total, we identified 52 studies from 36 reports published
before September 2, 2023, encompassing 32 studies on LSD, 10 on psilocybin, 4 on mescaline, 3 on DMT, 2 on 5-Me0-DMT and 1 on ayahuasca. These
studies provide insights into the interactions between classic psychedelics and a range of drugs, including antidepressants, antipsychotics, anxiolytics,
mood stabilisers, recreational drugs and others. The findings revealed various effects when psychedelics were combined with other drugs, including
both attenuated and potentiated effects, as well as instances where no changes were observed. Except for a few case reports, no serious adverse drug
events were described in the included studies. An in-depth discussion of the results is presented, along with an exploration of the potential molecular
pathways that underlie the observed effects.
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Introduction (Dinis-Oliveira, 2017). Similar to LSD, psilocin acts as an ago-

Classic psychedelics include lysergic acid diethylamide (LSD),
psilocybin (psilocin as an active agent), mescaline, N,N-
dimethyltryptamine (DMT) and 5-methoxy-N,N-dimethyl-
tryptamine (5-MeO-DMT) (Calvey and Howells, 2018). LSD has
a high affinity for several serotonin (5-HT) receptors (such as
5-HT,, s and 5-HT,,) and also has an affinity to dopaminergic
D, 5 receptors (Halberstadt and Geyer, 2011). The affinity for
5-HT,, is important as the main mechanism behind the behav-
ioural and psychological effects of LSD and other psychedelics is
thought to be mediated through the activation of 5-HT,, recep-
tors in cortical and subcortical structures (Vollenweider and
Smallridge, 2022). LSD is metabolised by cytochrome P450
(CYP) enzymes such as CYP1A2, CYP3A4, CYP2C9, CYP2C19
and CYP2D6, with particular emphasis on the primary contribu-
tion of the former two (Wagmann et al., 2019).

While LSD is chemically synthesised, psilocybin is a natu-
rally occurring psychedelic compound found in various genera of
mushrooms, including Psilocybe, Panaeolus, Conocybe,
Gymnopilus, Stropharia, Pluteus and Panaeolina (Dinis-Oliveira
et al., 2019). Once ingested, the body metabolises psilocybin to
psilocin, which is the primary psychoactive compound (Dinis-
Oliveira, 2017). The metabolism of psilocybin involves several
enzymes, including aldehyde dehydrogenase, monoamine oxi-
dase (MAO) and UDP-glucuronosyltransferase (UGT) enzymes
such as UGT1A9, UGT1A10, UGT1A6, UGT1A7 and UGT1AS8

nist at 5-HT,, receptors in the brain (Rickli et al., 2016), where it
exerts its psychological effects (F. X. Vollenweider et al., 1998).

Mescaline (3,4,5-trimethoxyphenethylamine) is a psyche-
delic compound found in the North American peyote cactus
(Lophophora williamsii), the South American San Pedro cactus
(Echinopsis pachanoi), as well as other cacti such as the Peruvian
torch cactus (Echinopsis peruviana), Bolivian torch cactus
(Echinopsis lageniformis) and the leaf cactus (Pereskia aculeata)
(Dinis-Oliveira et al., 2019). It has a high affinity for 5-HT, , and
5-HT,,,c receptors but is less potent than LSD, psilocin and
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DMT (Rickli et al., 2016). Mescaline is metabolised in the liver
and broken down into several inactive compounds, with oxida-
tive deamination occurring via MAO or diamine oxidase (Dinis-
Oliveira et al., 2019).

DMT is a naturally occurring psychoactive compound found
in several plants and is also endogenously produced in mammals,
including humans (Jiménez and Bouso, 2022). Recreationally,
DMT is consumed either in a pure form (mostly smoked) or as a
key ingredient in an orally active brew called ayahuasca (Cakic
et al., 2010). Ayahuasca is made by mixing a DMT-containing
plant with a vine containing f-carboline alkaloids (Brito-da-
Costa et al., 2020). Although the exact plant combinations can
vary, a frequent mixture is made of Psychotria viridis (source of
DMT) and Banisteriopsis caapi vine, whose stem and bark con-
tain B-carbolines harmine and harmaline (Brito-da-Costa et al.,
2020).

DMT is a partial agonist primarily of the 5-HT,,, 5-HT,, and
5-HT, receptors (Carbonaro and Gatch, 2016). Oral consump-
tion of DMT does not produce psychotropic effects due to rapid
metabolism by MAO enzymes (Riba et al., 2015). However,
when consumed orally as part of the ayahuasca brew, DMT
becomes bioavailable due to the MAO-A inhibiting effects of
harmine and harmaline, which protect DMT from deamination in
the gut (Brito-da-Costa et al., 2020). DMT alone has a short half-
life of 9—12min and is rapidly metabolised by MAO-A, while
CYP2D6 and, to a lesser extent, CYP2C19 are also involved in
its metabolism (Good et al., 2022).

Finally, 5-MeO-DMT is a psychedelic that has been detected
in numerous plant and fungal sources, as well as in the gland
secretions of the Incilius alvarius toad (Ermakova et al., 2022).
5-MeO-DMT is a non-selective serotonin receptor agonist,
exhibiting a strong affinity for 5-HT, ,/;5/1p5» but a significantly
lower affinity for 5-HT,, receptor subtype (Halberstadt et al.,
2012; Ray, 2010). Both receptors, 5-HT, , and 5-HT,, activation,
are involved in 5-MeO-DMT behavioural effects (Ermakova
et al., 2022). 5-MeO-DMT has been observed to robustly inhibit
the reuptake of serotonin but also dopamine and norepinephrine
while demonstrating minimal activity in terms of releasing these
three compounds (Nagai et al., 2007). The primary process by
which 5-MeO-DMT is metabolised involves oxidative deamina-
tion catalysed by MAO-A, leading to the formation of 5-methox-
yindoleacetic acid. In addition, a minor portion of 5-MeO-DMT
undergoes O-demethylation via CYP2DG6 to produce bufotenine
(5-hydroxy-DMT) (Halberstadt, 2016) which is a potent 5-HT,,
agonist (Egan et al., 2000).

Drug—drug interactions (DDIs) can be categorised as either
pharmacokinetic or pharmacodynamic interactions. Pharmaco-
kinetic interactions occur when one drug influences the absorp-
tion, distribution, metabolism or elimination of another drug. On
the other hand, pharmacodynamic interactions involve the modi-
fication of the pharmacological effect of one drug by another.
These interactions can exhibit synergistic, additive or antagonis-
tic characteristics. Additivity refers to the overall effect of a drug
combination which is the sum of the effects of each individual
drug, while synergy occurs when the combined effect of the
drugs is greater than additive. Antagonism arises when the com-
bined effect is less than additive (Niu et al., 2019).

One common mechanism of pharmacodynamic drug interac-
tion is competition at the receptor level. When two drugs interact
with the same receptor, they can compete for binding, leading to

alterations in their pharmacological effects (Lambert, 2004). For
instance, blocking the receptors where LSD, psilocin, mescaline
or DMT exert their effects, such as 5-HT,,, could impede their
psychological effects.

An example of a pharmacokinetic DDI is the inhibition of
drug-metabolising enzymes, such as cytochrome P450, which are
responsible for metabolising a broad range of drugs (Zhao et al.,
2021). Inhibition of these enzymes by concomitant drugs or cir-
culating metabolites can lead to altered drug metabolism and
impact the drug’s effects and influence treatment outcomes (Zhao
et al., 2021). Additionally, there is the potential for interaction
with P-glycoprotein (P-gp), a membrane transporter that facili-
tates the efflux of various drugs and is present in the kidneys,
liver, gastrointestinal tract and blood—brain barrier (Amin, 2013).
Similar to CYP enzymes, reducing the activity of P-gp can
increase the concentration of its substrates in the blood, whereas
increasing its activity can decrease the concentration, leading to
inadequate therapeutic effects (Amin, 2013).

For instance, CYP enzymes have a known role in LSD metab-
olism (Luethi et al., 2019) and therefore can affect LSD’s effects
(Straumann et al., 2023; Vizeli et al., 2021). DDIs can occur even
when drugs are not taken concurrently, allowing for days or even
weeks between their administration. Some drugs, like fluoxetine,
have prolonged inhibitory effects on CYP activity that may per-
sist for several weeks following its discontinuation due to the
extended half-life of fluoxetine and its metabolite norfluoxetine
(Hemeryck and Belpaire, 2002).

Currently, there is limited literature available on the DDIs
between classic psychedelics and other drugs. While two review
articles have been published on this subject, the first one was
limited in scope (Wyatt et al., 1976) and the second one focused
solely on 3,4-methylenedioxymethamphetamine (MDMA) and
psilocybin interactions with psychiatric medications (Sarparast
et al., 2022). To fill this gap, this systematic review aimed to
provide a comprehensive overview of the current state of research
on DDIs between classic psychedelics and any other drugs. We
conducted a thorough literature search and reported on both
physiological and subjective outcomes. This review offers valu-
able insights into the potential risks and benefits of combining
classic psychedelics (LSD, psilocybin, mescaline, DMT and
5-MeO-DMT) with other drugs, thereby guiding researchers and
clinicians in this field.

Methods

This review was registered in PROSPERO (CRD42022336092)
and followed the latest Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) (2020) guidelines (Page
etal., 2021). A keyword search for articles pertaining to classical
psychedelics (LSD, psilocybin, mescaline, DMT and ayahuasca)
was initially conducted on June 5, 2022, in three primary scien-
tific databases: PubMed, PsycINFO and Web of Science (with
no year restriction). These databases comprise a general journal
articles database and a database specialised in biomedicine and
psychology research. Search terms included keywords (includ-
ing synonyms) related to classic psychedelics in the title,
abstract, keywords, full text (where available) and MeSH terms,
as well as keywords related to drug interactions, side effects and
adverse reactions. The search was not limited by the time period
to capture all relevant articles. A total of 2151 articles were
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Figure 1. PRISMA flow chart depicting the identification of studies in the systematic review process.

PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses.

identified during the first search. The search was repeated on
September 2, 2023, resulting in the identification of 262 addi-
tional articles published since the initial search. The full search
terms for each database are provided in the Supplemental
Material S1. Furthermore, on September 2, 2023, an additional
search was carried out using the same search parameters to iden-
tify articles detailing drug interactions involving 5-MeO-DMT
(full search terms are provided in Supplemental Material S2). A
total of 507 records relating to 5-MeO-DMT were found.

Additionally, to ensure comprehensive coverage, a search
was conducted in the Multidisciplinary Association for
Psychedelic Studies (MAPS) comprehensive online ‘Psychedelic
Bibliography’ database (https://bibliography.maps.org), which
contains scientific but also non-scientific articles specifically
about psychedelics, dating back to 1841. At the time of the
search (November 20, 2022), the database contained 13,237
records. All records were downloaded, followed by keyword
searches in all titles and abstracts (targeting ‘LSD’, ‘psilocybin’,
‘mescaline’, ‘DMT’ and ‘ayahuasca’, including synonyms and
variations), resulting in a total of 6336 records.

Furthermore, we manually searched a registry of clinical trials
at ClinicalTrials.gov on April 20, 2023, to find any articles con-
taining results from clinical trials that were missed in the data-
base search and conducted reference lists checking of included
studies to find additional missing articles. An additional search of
ClinicalTrials.gov was conducted on September 2, 2023 to find
clinical trials involving 5-MeO-DMT.

Records were screened in three phases: first, those found via
a scientific database search; second, those from the MAPS bib-
liography database and finally, records from a search for

5-MeO-DMT. In all cases, a systematic review application
Catchii (Halman and Oshlack, 2023) was used. Duplicate
removal was performed using Catchii’s duplicate detection
method and the results were manually verified before removal.
Two researchers independently conducted title and abstract
screening, both of whom were blinded to each other’s deci-
sions. The inclusion criteria were as follows: (1) any article on
human participants, (2) any article describing the usage of any
classical psychedelics with another drug, (3) studies describing
physiological and/or psychological effects of classical psyche-
delics with another drug (or the lack of), (4) studies that were
either randomised controlled trials, observational studies
(cohort, case—control, cross-sectional) or case reports/studies,
and (5) studies published in English. Disagreements between
reviewers were discussed until a consensus decision was
reached. Records that did not meet the population, intervention
and outcome criteria were excluded. After removing duplicates,
a total of 7102 records (1667 from the first phase, 5065 from the
second phase and 370 from the third phase) underwent the first
stage of screening, which involved title and abstract analysis.
Subsequently, the full text of the 77 reports that passed this
stage was assessed in the second stage, including articles identi-
fied from citation searches. Due to the small number of records
retrieved from the updated scientific database search, each title
and abstract was assessed directly within the search results. The
summary of results is shown on the PRISMA flow diagram
(Figure 1). Data from all eligible records were extracted by the
authors of this review, who corroborated each other’s findings.
Outcome measures included physiological and psychological
outcomes.
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Results

The results of this systematic review include studies investigat-
ing DDIs between psychedelic drugs (LSD, psilocybin, mesca-
line, 5-MeO-DMT, DMT and ayahuasca) and other drugs.
Regarding LSD, the review examined interactions with antipsy-
chotics (chlorpromazine), mood stabilisers (lithium), various
antidepressants including selective serotonin reuptake inhibitors
(SSRIs; fluoxetine, sertraline, paroxetine and trazodone), tricy-
clic antidepressants (TCAs; imipramine, desipramine and clomi-
pramine), as well as monoamine oxidase inhibitors (MAOIs;
phenelzine, isocarboxazid, nialamide and iproniazid) and other
substances (azacyclonol). Recreational substances (alcohol and
MDMA), as well as other substances such as ketanserin, reser-
pine, niacin, scopolamine and phenoxybenzamine, were also
included.

Regarding psilocybin, the review contains reports on its inter-
actions with anxiolytics (buspirone), antipsychotics (chlorprom-
azine, haloperidol and risperidone), SSRI antidepressants
(escitalopram) and recreational drugs (alcohol). Other investi-
gated substances included ketanserin and ergotamine. In the case
of mescaline, the review examined interactions with antipsychot-
ics (chlorpromazine and promazine), antidepressants (azacyclo-
nol) and the compound 2,4,5-trimethoxyphenethylamine (2C-O).
For DMT, the review explored interactions with MAOI antide-
pressants (iproniazid), as well as other substances like racemic
pindolol and methysergide. Lastly, one report of the SSRI antide-
pressant fluoxetine was found for ayahuasca and two case reports
for 5-MeO-DMT involving the use of B-carbolines.

Results of studies included in this review are provided as
separate tables for LSD (Table 1), psilocybin (Table 2), mesca-
line (Table 3), DMT together with ayahuasca (Table 4) and
5-MeO-DMT (Table 5), grouped by drug class. More detailed
narrative descriptions of the results from each study are shown in
Supplemental Material S3. Additionally, a combined table
(Supplemental Table S1) summarises all the results from Tables
1 to 5, along with listing the potentially relevant molecular tar-
gets and actions of each drug.

Discussion

In this systematic review, a total of 7102 records were screened
and 36 reports from 52 studies were included, providing informa-
tion about the potential DDIs (or the lack of) of classic psyche-
delics in the scientific literature. Considering the scarcity of
studies addressing DDIs involving classic psychedelics, case
reports were included to provide more insights into DDIs.
Although anecdotal in nature, these case reports highlight poten-
tial DDIs and areas for future research. In the following sections,
all drugs are discussed, grouped by their properties and/or class,
where possible. Groups with blocking or reduced effects on
psychedelics are generally addressed first, followed by those
with potentiating effects, and concluding with those that have
mixed evidence or no effects.

Serotonin 2A receptor antagonists

Classic psychedelics are known to bind to 5-HT,, receptors
where it is thought that their hallucinogenic properties are

mediated (Vollenweider and Smallridge, 2022). The results of
multiple studies on drugs that are 5-HT,, receptor antagonists,
such as ketanserin, trazodone, risperidone and chlorpromazine,
indicated that they were all effective in attenuating the effects of
LSD and psilocybin. Specifically, ketanserin, a 5-HT,, antago-
nist with a strong affinity (Becker et al., 2023) was found in all
studies to either fully block or reduce the subjective effects of
LSD (Becker et al., 2023; Holze et al., 2021; Olbrich et al., 2021;
Preller et al., 2018) and psilocybin (Carter et al., 2005, 2007; F.
X. Vollenweider et al., 1998). Similarly, decreased physical
effects were also observed, including lowered blood pressure,
body temperature and heart rate (Holze et al., 2021). Similarly,
risperidone, a 5-HT,, but also D, antagonist was found to atten-
uate the effects of psilocybin in a dose-dependent manner (F. X.
Vollenweider et al., 1998). Trazodone, another 5-HT,, antago-
nist (Balsara et al., 2005), was shown to reduce the psychological
and hallucinogenic effects of LSD in one case report (Bonson
etal., 1996).

The findings from studies using chlorpromazine, which is
also a 5-HT,, receptor antagonist but has an affinity for D, and
adrenoceptor o, , and o, subtypes as well (Boyd-Kimball et al.,
2019; Gillman, 1999), are inconsistent. While two studies (Isbell
and Logan, 1957; Murphree, 1962) found that chlorpromazine
reduced the intensity of LSD-induced effects as well as anxiety,
another two independent studies (Abramson et al.,, 1960;
Schwarz, 1967) reported the opposite. In addition, while Isbell
and Logan (1957) reported that oral pre-administration of chlor-
promazine blocked the effects of LSD and not post-administra-
tion, then Abramson et al. (1960) observed enhanced effects
regardless of whether it was administered before or after LSD
intake. However, the inconsistent findings regarding the effects
of chlorpromazine on LSD response may be due to differences in
study design, dosing regimens and individual variability.
Moreover, chlorpromazine was reported to attenuate the effects
of psilocybin and mescaline, where its pretreatment significantly
decreased psilocybin-induced visual perception distortion
(Keeler, 1967) and abolished the increased anxiety observed in
schizophrenic patients following mescaline ingestion (Lesse,
1958). Overall, considering the available evidence, treatment
with potent 5-HT,, antagonists, including medicines, is antici-
pated to diminish the effects of psychedelics (e.g. antipsychotics
risperidone, olanzapine and pipamperone, antidepressants mir-
tazapine, mianserin and etoperidone as well as migraine preven-
tion drug pizotifen).

Serotonin 1A receptor agonists

Pretreatment with buspirone, which is a 5-HT,, partial agonist,
markedly reduced the psilocybin-induced visual hallucinations
(Pokorny et al., 2016). On the contrary, agonism of 5-HT,, with
ergotamine did not affect any of the psilocybin effects (Pokorny
et al., 2016). However, given that ergotamine has lower efficacy
at receptor signal transduction when compared to buspirone and
its generally low bioavailability, it was suggested that the admin-
istered dose may not have been high enough to compete with
psilocybin at those receptor site (Pokorny et al., 2016). These
findings indicate that 5-HT, , receptors may be also involved in
the manifestation of psilocybin-induced effects such as visual
hallucinations, affective alterations, derealisation and deperson-
alisation. The mechanism of action by which buspirone reduces



Halman et al.

(panuiuo)

*$309449 1eatbojoydhsd se 11am se Alojeurdnyjey pue
1e21sAyd paseaudul ‘3098 (ST JO 39SUO JaLjes ue padualiadxa jusiied ay)

*$329)49 1eatbojoyahsd se 1jam se Aoy
-BULDN)|BY PAseaIdUL PUB S}I34d (ST 40 J3SUO JL)4ed paouauadxa sjudtyed

*s3094J9 1eaLboj0ydAsd se 1jam se Aloy

-BUIDNY|BY Pasea.duL pue $1I3j4d ST JO 185U0 IaL)ied paduaLadxe sjusljed
*@S7 40 asuodsal 11e19A0 B3 SB J)aM Se (ST JO 393449 1eatbojoisAyd

pue dwuaboutdnyjey ay3 panpas Ing s39949 (ST 40 3dsU0 ay) 03 sabueyd oy
*@S7 03 sasuodsas padnpal

‘1e42A0 pue (ST 0 $399449 dibojoishyd se 1am se dwuabouldn)ey ayy paje
-NUB1Ie INQ 519944 JO JISUO 3YJ 1298 J0U PLp Judwiealjaid suljaxoieyd
*JuaW3eal] duljeIILS JO Uoljeinp 1o abesop Jo ssajpiebas qS]

40 s129)49 1eathojoydAsd pue drwabourdnyey “qeatsAyd paseasdap pasusuadxa
sjuedioipied 8y JO 350l "S19848 (ST JO 39SUO BYT 193J48 J0U PLp BULJRILISS
-uawieasyaid

8U19X0NY JO UOLIRIND 10 3SOP B3 JO SSa)pJebas ST Jo asuodsal Jelan0 By
se J)jam se s309)J9 1edtbojoydAsd pue dwusboutdnyjey ay3 paystutwip Ajpasew
pue (sjusized 8T 4o N0 §) S399)J9 0ST 4O 395UO B3 pakelap auljaxon)y

Gz :9by

(wstoyodje

104 pajeasy Juatzed) T=p
2€-12 9by

(uotssaidap

10} pajeasy syuatjed) z=p
82-92 :aby

(uotssaidap

10} pajeasy syuatjed) =y
(uotssaidap

104 pajeay3 juagied) 1=y

(uotssaidap
J10j pajeasy syuatjed) €=y

(uotssaidap

10y pajeas3 syuaned) =N

(uotssaidap
10} pajealy sjualjed) 8T =N

ast
4O 3s0p ,91eJapoW, B 910J9q Sy2am 2T o} Aep/bui Gz

*350p (1S40
61105T-00T 210429 ¥33M +05T-00T 404 Aep/Bwi 0oz

*bri00z-08 j0

950p (ST dY3 240)9q S}99M 0%-8 10} Aep/bw 0oz-G/T
*(uaaLb sjte3ap alow ou) QST 40 IS0 Bjel3pOW, B

Rq pamonjoy sxeam g 104 Aep/Buwi 00z YiLm Judwiesiald

"0S140 briogT Ag pamor)of syaam o€ €
1oy autzaxosed Aep/bw gv-0g Jo JusweaIaid

*051 40 61100z Aq pamoioy sxaamoy-¢
104 Aep/bwip0g-0G 4O BULBIHDS JO JUBWILDIIRI

"0S7 40 610Gz Aq pamonioy sy3am 0512
10} Aep/bw 0g-0z JO aulL3ax0N}y JO JUSWIEIIDId

autweud

-twop :(vy)1)
sjuessaidaplyuy

suLwesdisap :(y)1)
sjuessaidaplyuy

autwesduwt :(v)1)
sjuessaidapriuy

auopozesy :(Ty¥YS)
sjuessaidapriuy

auyaxoded :(1ySS)
syuessaidapluy

aupesyas :(1y4Ss)
sjuessaidapiuy

augaxony :(1ySs)
sjuessaidaplauy

Jodal ase)

SOLIDS SE)

SaLI3S Ise)
Jodal ase)

Apms jeuony
-295-5501)

Apms jeuony

-095-S501)

Apms jeuony
-295-5501)

(966T) Aydiny pue uosuog

(9661) Aydinyy pue uosuog

(9661) Aydinyy pue uosuog

(9661) "1e 32 uosuog

(9661) "1e 32 uosuog

(9661) "1e 32 uosuog

(9661) e 32 uosuog

8¢ :9by
*@S7 40 399)49 dwaboudnyey Ny e 3111 03 3SOP JeNSn By} (eww *s129449 dtuaboutdney 1ny saanpoud  autgaxon)) :(1¥SS)
UBY] 2J0W SBWI € 03 Z paitnbas pue qS7 01 AlAlgisuas pasealdap Apasiep -Ry3sAp 1oy Juated) T=y  3BYJ BUO ING UMOUNUN dSOp (ST ‘dulraxonyy Aep/bw oz sjuessaudepijuy  odai ase) (2661) uewssens
62-12 :9by
*(S7 40 512949 JeatbojoydAsd pue (uotssaidap *as1 4o bripoz wniyay
Ai03eutdn))ey pasealdul Se J1am Se 395U Jaljies paduauadxa sjuedidilied 10} pajeasy syuatjed) €=y 01 Joud $399m G-/ 104 wniyll jo Aep/bw 000T-009 :$19S1)LqeIS POO sauas ase)  (9661) Aydinyy pue uosuog
‘@S 40 5399449 9y3 payisuajut pue A9 €€ pue gz :aby *(snousaenut) qs] auizewoudioyyd
-IXUB pasealdul uoljesjsiutwpe auizewoidiolyd jeyy papodas syuatjed yjog (otuaiydoziyas) z=p 4o BrigoT 49348 Y+ uaaLb sem auizewoidiolyd bw gz :sa130yaAsdipuy SOLIDS SE) (£96T) z1eMUIS
*auole (ST Se S1I9449
Je)iwis paanpoud @S] pue suizewoidiolyd Jo uousabul snosueynwis *suned
stow pue buresams se yans swoidwAs A}aixue jensn ay3 paonpas pue qs]
03 sasuodsal aAljisod paseaidul osje S 4e34e uorsabul suizewoudioyy) *@s1 40 610G yum
*@S7 03 sasuodsal aalisod pasuey SNOBUBYINWILS 10 Id)e ‘210J3q U G°T Je dulzewodiojyd auizewoudioyyd ey
-ua pamoys uolysabul qS7 a1049q suizewoidiolyd 3003 oym sjuedidiiied (Ayneay) e=p Bwog Jo uoresiuLwpe 1elo Jo syuawLadxa saly) :so130y2Asdiguy pa)joi3u0) (0961) “1e 39 UoSWeIqY
*PaAIRS]O alam S}IaYd buwdo)q ou ‘uonysabul gs7 19e Jo Ajsno *dS7 YIm dulzewoidio)yd 40 uoLjelsLuLWpe-0)
-aueynuis usALh sem suizewoidio)yd usym ‘8sop ploysaiyl ayl pajes]s *@S1 b110z-G1 Jo uonsabut auizewoudioyyd 1L
pue $303}J9 0S7 Pay20]q ST 240499 ULw € dulzewoidio)yd 4o Judwiealaid (Ayneay) 8T=N 210j9q uLw g autzewoidio)yd buw Gz Yym jusawieastdid :sai30ydAsdiuy panoi3uo) (2961) @21ydinyy
*as1 611051-09
40 uoyysabul Jaye ulw g aulzewoidiolyd tendsnweljul
B Gz 10 1e10 bw G/ Jay3d Jo uonensulwpy (g)
"0S7 40 S193Y9 Y3 p0]q Auedytubls g7 Jo uon *aS1 6109 jo ybay
-sabul Jayje aulzewoidio|yd Jo uoLIRIISIULWPE “|BIO JOU ING “ABINISNWEIIUT 3y e autzewoudioyyd buwi gz jo uonensiulwpy (z) ey
@S 03 suotjoeas Aseqdnd pue Ayaixue ‘uoliiolstp uotydadiad jensia ‘suoly (sp1ppe *as1 b 09-0% 03 soud utw og aulzewoudio)yd pa11043u02
-eudNeyY “jeuaw painpal Appuedytubis suizewoidiojyd Jo Juswieasialyd bnip a1ew 3npe) 6-9=N autzewoudioyd bw OT-0G Yum Juswieasiald (1) :sa130y2Asdipuy -0gadeld (£G61) uebo pue 119qst
Jeak
|awodnQ sjuedidipieyd aso(q bnig adAy Apms pue Joyiny

*sBnup 19y30 pue (ST UsamIaq (Joaiay3 aduasqe ayy 1o) suorydesajut bulquosap spodas ased pue saLpnys jo Aewwns *f 3)qey



Journal of Psychopharmacology 00(0)

(panuijuo))

*auo)e §S7 03 pasedwod s3el peay pue ainssaid poolq pasealdu] ‘auoje s]
03 pasedwod ‘91825 Hulley SSAUSNOLISUO) JO S3BIS PaIdY)Y PUB dLEUUOLY
-sanp 9duaLiadx3 1eaLIsAly ‘SSaUSNOLISUO) JO S33BIS Pald)y 4O suolsuawlq
G ‘sa)eas bojeuy jenstp Aq painsesw Se “S309449 dALIIR[GNS UL SAIUBIYLP
juedytubls ou a1am a1dy] (Y g1 Jo abesane) auoje qS7 Yyim ueyy aduauad
-x® 2119paydAsd 1abuoy e uL paynsas S pue YWAW 4O UOLIeIISLULLIPE-0)
*3SN 1040J]e YILM PajeLIosse

QUBM (ST 40 SIS 9AIIIB[GNS DY UL SAIUBIBHJLP ON J0Y0I|e JO S}

9Y3 paystutwip uoldwnsuod Joyodje YILm Juainduod qs7 jo uotisabug

*UOLJRIISLULWIPE 10U0)IAIBZE 1934 PAAISSPO 3G PINOD UOL}IEDL
@S @y3 Jo 12adse Aue ul uornutwip Juedytubis oN “JuswwLadxa Huwydolq
3} WOy PAAIISGO Sem LoL3deal (ST By} Jo Joadse Aue jo uoionpal o

*@S7 40 5399449 a3 bulbueyd ul s398))9 Jouo)dAoeze o dduapLAs ON (2)
‘paAIasqo sem jouo)hRaeze Aq s30948 BuLyd01q-qST 40 ddUdpLAS ON (T)
*$309)49 1eatbojoydAsd paseasdap pue AjaLxue pasessdsp

pauodas ‘uorsabut gs1-3s0d anoy Yy ay3 3e AjsnouaAesjul jouo)dhoeze
Bw ¥ pasagstuLwpe sem 303[qns auQ *gST 40 SII3H9 dY3 320]q J0U pLp
Inoysem yaam-g e Aq pamoyjoy ‘sAep / 104 Jouo)dAdeze jo uoliedtpawald (€)
sjuedidipied ay3 Aq pasusuadxa 1)13s

94am suoljesuas 3yb1y 1o easneu 9yl $399))9 1eatbojotsAyd 4o 3dYap uonus)
-1 1] S303443 1eaLbojoinau Jay3Q ST 40 uolysabul ai104aq Y g jouo)dhdeze
4o Juawieastasd Aq paystjoge atem (S7 4o s3294a dtusbouldnyey ayy (2)
*(S7 40 s3940 1eatsAyd ay3 uo 303449 ou pey

g S7 40 309449 1eatbojoyahsd ayy paonpal Juswieastald jouopoezy (1)

*S7 40 s399449 aA13a[qns o 1eatsAyd ayy o3 abueyd oN

*sjute)dwod aAL3a[gns jewtutw pue s Jo swoldwAs/suory

-oeas 2130y2Asd 4o 1eaLurd Inoym qs1 40 Hrigog pue g1 93e49)0] 01 I)qe
21am sjuaLjed pue gS7 03 SUOLIBAI PaYI0]q SPLWER]BLU YILM UOLIEILPAWI]
‘suoLjauny Jojow pue

Aiosuas ‘a3e1 peay ‘ainssaid poolq bulpniput qS7 4o sasuodsal dtbojoinau
pue dtwouoine “eatbojoyafsd pajenusize juswieasiaid pizexoq.edost

s303449 1eatbojoydAsd pue uoryeudnyey buipmpdul s Jo sasuodsal
aA1323[qns ay3 paystjoqe Ajeau Inq s309ye ST Jo 39su0 ay3 03 abueyd oN

sieah46-gz :aby
(Rymeay) vz=N

sieafgz-g1 :9by
2Z=N

¢T=N

(syuarzed
swaiydoziyds) g=p

2= (€)

2=N (2)

0%-61 by
(Ryneay) 9=p (1)

(Ryneay) 9T=p

(sjuatyed o13ounau) ¥ =y

(Ayneay) y=N

(uotssaidap
104 pajealy syuatjed) z=p

‘'YWawW Bw oot pue s 61001 40 uoreslutLpe-0)

*(uanLb s)Le3ap alow ou) ST 40 UOLRIISLULWIPE BYY
U31mM JuaLIN2U0 Joyode o uollsabug *Apnis podai-fas
‘uoljesjstulwipe qS7 J9e Y€ Ajsnousaesjul

uanLb sem bui gy jo asop jeuotyppe uy *qs1 bripg jo
uoljeslstuLlWIpe 310j9q Yz Hw oz jeuoriippe ue pue
skep / 10} JouojdAdeze 1eio Jo Hw Oz yim juswieasaid
*@S1 b1 o1 4934e passIsiutwpe

sem j0u0)dAdeze Hw QT Jo uoLydaluL snouasenus (2)
"0S1 brioot Aq pamonjoy ‘shep -z

10} Bw o%-0T 404 JouoAIeZE YIimM JUBWIEIIBI] (T)
‘uotjedtpawaid

10u012A3eZE IN0YIIM ULEDR (ST JO 9SOP SWes ay3
paALadal sjuedioiped ‘193e) syeam aAl4 *qsT b1 oot

4o uonysabut Aq pamon)oy ‘sAep £ 1oy Ajep aawmy bw QT
10 G J3YLd e JouojdAdeze yim uotjedtpawald (€)

*as1 b oot Jo uonsabul alogeq

Yz pue 9z ‘g€ ‘06 3e Jouo)Adeze bw gg Jo sasop

inoy Jo 18303 e ym sjuedidipied Jo Juswieasald (2)
*as1 b oot Jo uonysabul aiojeq

J99Mm T 40j Jouo)dAdeze Hw 0g-0T Ym Juswieastald (1)

*brioot

pue 0G ‘Gz 40 sasop ut S yim pizewuoudt buwoot
*Rep 3593 uo QS

40 611005 pue 05T Aq pamonjoy ‘bui00gE 4o asop 1e30}
© (JBaJ 0} SY99M ¢ 104 A|Lep apLwe)eLu Jo Juawieal}dlyd
*Rep 3533 U0 0S7 40

briggT usyjy pue ‘epiwejewu jo uoredrdde jesosad Aep
/Bbw00g-0GT Aq pamo)jo4 ‘sAep 1elaAas 104 apLwelelu
40 uonjesysiuLwpe jesajuaied jo Aep/bw 0os-052

*S7 40 uorysabut eso jo brigy v1049q SHPIM Z 10
shep g 10} pizexoqiedost Aep/bw g yaim Juswieaialyd

*aS140 bripgr a1040q sxeam 2T 104 Aep/buig/-09

VWaW
‘leuoLyealday

104021
‘Jeuol}ealday

jouoydfoeze
:sjuessaidapryuy

jouo)hoeze
:sjuessaidapiiuy

jouoydhoeze
:sjuessaidapiyuy

pizetuoddt :(10VW)
sjuessaidapijuy

apiwelewu :(10VW)
sjuessaidapuuy
pizexoq

-1e20sL :(T0VW)
sjuessaidapLiuy
aulzjauayd
:(10vW)
sjuessaidapiuy

1eu
pafjoi3u0d
-0qaoe)d

Apms jeuony
-295-5501)

1eu
pafjoi3u0d
-0qaoe)g

leuy
pajjosu0d
-0gadeld

SaLas ase)
Teuy
paosuod
-0qade)d

lews
paflou0)

leu
paonuo)

S3LI3S 3se)

(£202) "e 38 uuewnesns

(0002) ‘e 32 1I2Lleg

(£561) ueboq pue agsy

(9561) e

(g661) burqey

(0961) 1& 32 teeaq

(5961) yoAnfg pue join

(7961) "1e 39 ydLusay

(9661) Aydinyy pue uosuog

awoannQ

sjuediotpeq

350Q

bnig

adAy Apms

183k
pue Joyiny

(penunuo)) | alqeL



Halman et al.

juessaidapiiue 2119A0L) 1y)] f1o3iqLyul axe3dnal uLu03oIas dA13I9)9S TYSS ‘duLwelaydweyiawAhxolp
-aua)Aylaw-4’E :yWaW ‘103lqLyuL asepixo sulweouow QYW ‘epiwelfyiatp piae 1biash) :qs7 ‘butbewl sueuosal d13aubew jeuonduny :TYW4 ‘Juspuadap-1ans)-usbAxo-pooiq :q10g ‘SSAUSNOLISUOD JO S3]BIS Pals}|e |eUOLSUBWIP-G )SY-0S

'0S7 40 "63/6M0°1 Jo uonensiuiwpe 03 Joud 1euy
*$129449 1B21U1)D BAL3IR[GNS 10 aunssaid poo)q ‘@3es as|nd uo $309))9 padnpul sinoyz pue ‘IT ‘¥z apuiojyd01pAy sutwezuaghxouayd auLwezuaq pa)jos3u0d
-S7 48118 pLp Juswieasiaid sutwezuaghxousyd Jo sasop ay3 Jo SUON 0T=N 40 *63/Bbw T pue ‘0T ‘G0 paALedal syualjed us) -Axouayd :19y30 -0gadeyd (6G6T) “1e 39 119G5T
"0S1 40 brigg yo uoy
-BJAISLULWIPE snoauelnwils Aq pamonyoy Bui g T pue 68°0 el
*$198449 1B21U1)I 38A3I3[gNSs 1o aunssaid poolq %9°0 ‘g%°0 3 auLwe]odods Jo SaSOP JuaiaLp inoy bul pa)jos3u0d
‘az1s |tdnd “xa1ya1 Jeyjajed uo s3o8ye padnpul-qS] 4931 Jou pip autwejodods ZL=N  -MO]]04 33 JO JBYILd YILm pauajsiulwpe atam s3aalqns  auLwejodods :aylQ -0gadeyd (6G6T) 1e 39 119q5T
‘@S 40 $399)49 Jojow pue aAlLubod
“Jenidadiad ‘aAnndedoudoid sy paystutwip Ajpaxiew pue ulw g utyim *s329449 ST 40 3ybLay ayy 3e (bpot) uowy
(S 0 5399)J° 1)e pajenualie uonysabul 0$7-150d uoLRAISIULWIPE ULdRLN sieak 9z -sabul gs7-350d uwdewu bz 0 Jo uotydalul snousaesuy
*buLndd0 wouy sabueyd jenydadiad ayj Jo 3sow 4O ueaw ‘T€-6T :0by *Rep 3593 uo uosabut qs7 40 61 QOT leuy
pajusAald pue s}03j49 (ST 40 395U0 BY3 pake)ap ULdeLU YILm JusWIeaIIald (so1ew Aynesy) oT=N 03 Joud sAep ¢ 1oy uLdeLu Jeso Jo b€ yim juawieasiald uLeLu 4aylQ payos3uo) (GG6T) 42440H pue mauby
*196u0) payse) pue Jueses)dun, a1em $12a)49 ‘elsLyiede pue (soreWay *@S7 40 61zt 03 soud shepg 8L}
siowaJ) pabuojoud burpniput qS7 4o s39949 1eatsAyd ay3 pasueyus autdiasay dwaiydoziyds) ¥ =y autdiasal bw T Jo asop 91buls e yIm Juswieasialyd autdiasal :1ay3Q panoi3uo) (£961) uewpaai4
*s198)42 ST payisuajul pajiodal sutdiasal jo
UOLJRAISLULWIPE JBINISNWERIIUL JUBMIBPUN oYM Sjuedidilied “Jauuew juspuad *as14o0 619 jo ey
-9p-250p e ul Abiey3a) pue Buljlwoa ‘eaoyiieLp ‘easneu ‘ssaulynis Jeseu (s3otppe  uopjesstutwpe 03 Joud yzz pue T ‘g autdiasal tend pa)jos3u0d
BuLpn)pul ‘uoLSNju0d pue SSAUSNOAIDU JO $39949 (ST paylsuaiul autdiesay  Hnup anoydAsd-uou) zr=x  -snwesjul Bwg 10 Jeso Bw Gz 1dYILd YIim Juswieaiald autdiasal 1ay1Q -0gadeld (£G61) uebo pue 119qst
ey
*@S1 03 suoijoeal jeatbojoyafsd se 1am se sasuodsas dibojoinau *aS1 40 brigz jo uonsabul aiojeq pa)jo43u0d
pue JLWouoINe Uo QST JO $199440 dY] padueyud duLdiasal YIIm JudWIeaIIdld (Ayneay) e=p s39am ¢ 1oy autdiasal Aep/bwi G 0 Yyim juawiealiaid autdiasal 11ay1Q -0gadeld (596T) 1€ 32 ydLusay
*@S1 40 sa13pupjodewleyd ay3 Ja3je 4o ‘4NQg ewsed
4O 95BIDUL PAINPUL-QST DY} 9SI9ADI 10 SdUBLIAAXD 1eILISAW 1)RIBAO JB)R ey
J0U pLp uLdsURISY “uLidsue}RY Aq (%09~) Y G°E 03 Y G'8 WoJ) padnpal sem pa)jos3u0d
$199449 (ST 40 uoOljeINQ "SuBWNY UL S 03 Sasuodsal JLWOUOINE pue dAL} *as1 oot jo uonsabut -oqade)d
-23(qns pasianal Sey ST JO $199)J9 B} J8YE ULIISURISY JO UOLIRAISLULIPY (Ayneay) vz=pN Ja)Je ulw Q9 uLdsuRIRY Hw 0¥ Jo uoreysluLwpe JelQ ULIdSURIDY 3Y1Q  ‘pastwiopuey (£202) 1B 39 123099
*s]0J3u0d ogadeld 03 9)qeledwod aiam uLIBS
-ue3ay + @S1 b11poz Aq paanput ainjesadway Apoq pue ainssaid poojq se ey
14ans s3198)J9 1eatsAyd "asop qS7 brigz e 03 JejLwLs 219m JeyY $19A8] 03 310IS pa)jos3u0d
$S9USSAIPUNO( JLlUedd0 pue AJaLxue ‘uolnjosstp oba ‘s3oaye Hnup aaralgns *as1 6100z yam juswieasy -ogadeyd
pax201q 61100z 38 ST 40 9sop ybiy e Aq pamoyjoy Juswieasald uLBSURIDY (Aynesy) 9T =N 910499 ULW 09 ULIBSURIR| Bw 0% YIm JuswIeaIaly uLIdsURIaY 3YlQ  ‘pastwopuey (1202) 12 39 97]0H
*A3un Jo dduauadxd 1euy
pue Aiabewt Aiejuawa)a JSy-qg ‘ersayisaeuhs jensia-otpne ssa) butpmpdut pa)jos3u0d
9ouaLadxa 9A1323[qNs asudUL SS] YILM PaIRLIOSSE SL Ydtym AJIAL30R J139Y) *as1 b1 00T yim juswieasy -ogade)d
-edwAsesed spiemoy @S uo sjuedidipied pajyLys Juswiesiiaid uuasuelay (Aymeay) L1=N 91049q ULW 09 ULIRSURIY Bw 0% YyIm Jusawieastaid ULIBSURYDY AYlQ  ‘pasLwopuey (1202) "1 39 Youq0
ety
*(0108 pue Tywy) buvjew pajjos3uod
-uoistoap pue butuueyd ut paajoaut seale utelq buowe uoyedlUNWWOI *as1 61001 yam juswiessy -ogadeyd
padnpal ‘gST JO $198j49 JejuUsW pue dA13IB[qNS By} pax201q Any uuesuRIdY (Ayneay) z=pN 910490 ULW 09 ULIBSURID| Bw 0¥ YIm JuswIeBIIRId uLIdSURIDY :3Y1Q  ‘pastwopuey (8102) "1e 19 49194
Jeak
|awod3nQ sjuedidipieyd aso(q bnig adAy Apms pue Joyiny

(penunuod) | a1qeL



Journal of Psychopharmacology 00(0)

*1031qLyuL e3dnal ULUOJOIIS DALIIB)IS [YSS {SSAUSNOLISUOD JO SDIL}S PAISY|E |UOLSUIWLIP-G ISY-(G

*s30949 pabueyoun papodal (%08) 1594 BYI ‘S199)9 pajuryua
payodal T Ajuo aym syueddiyred (GT Jo Ino) z Ajuo ut paystutwip a1am uighoojisd jo
S309443 aA133[gns ay3 Ing ‘ulghaoyisd Ag pasiuobejue ale 10Yod)e 4O 39919 dAL3IB[GNS Y|

*(s2102s )Sy-@G) SeduaLadxa aAL3[gNS Ja31e AjpuedyLubis Jou pip aulwelohi]

*(Jesnoue pue ssauia)e)

swojdwAs brup aazebau 1o Aeau sejnaoulq Jo Huimols paonpul-utgAdojisd ayy JayjLe
2Juanjul Jou pip Inq (uotjeudnyjey pue euoydna ‘uoljesijeuosiadap ‘uoianossip obs
snolxue) 81eas buljes JSy-qG ay3 uo s199))8 2A13IR[qNS 8L Payd0]q JuawIeallald uLdsuR)aY
*auewlopiad bupjoely jeuorusiie ut juswitedwt paanput-uigAdojisd anasal Jou pip uLdsue
-39y *(uolyeurdn)ey pue uolyestjeuosiadap ‘euoydna ‘uotnjosstp oba snolxue) a)eds buijel
JSV-Q@G @y uo paseq uLghioyisd Jo s309))8 aA1323[gnNs ay3 pax20]q Juswiealjaid uLiasuelay

(Ryneay) L1=N

(Ayneay) or=N

(Rynesy) g=p

*(umouyun

sasop ‘papiodal-}1as) ulghoojisd 1agje 4o alogaq
J3Y]Ld PaWNsuod 10yod)e 4O S19A3] Huljedixojul-uoy
‘ulq

-Roisd By/bw /10 40 uoLjRIISIULWIPE (RO D10JD]
ulw OOT Sulwejobis jeso bw ¢ yam Juswiessiaid

urgfooisd 63/bw GTz 0 40 uoLjeIISIULWIPE (B0 D10}
-390 ULW Q6 ULIdSURIDY 1810 B QG YIm Juawiealtdid

‘urgfooisd Bd/bwiGTz 0 40 uoLjeIISIULLIPE (B0 D10}
-390 ULW Q6 ULIBSURIDY Tel0 B g YIm Juswiealiaid

Joyode
‘JeuoL}ealday

autweobls uaY3Q

uLIISUE}R)| IBYIQ

uuIIsue}Ly U3YIQ

Apmys
1BUO11295-550.)
leuy
panos3uod-ogadeld
‘pastwopuey

1eLy pajjos3uo)

1ews pafjou0)

(0002) "1e 12 Naueg

(9102)
e 39 Ausoyod

(£002) e 32 191E)

(5002) e 32 Jome)

"uighoyisd By lewy

*91e2s bulley $SaUSNOLISUO) JO 9ILIS PaJaly pue yse} asuodsas pakejsp £'62 ueaw :9by /B Gz 0 Jo UOLEAISLULWIPE 1BIO DI0JI] ULW G/ ULIDS panoJiu0d-ogadeld (8661) e 39

3U3 U0 JduueW JUIpUIdaP-3SOP B UL $39949 ULgAd0)isd paxd01q Juswieal3ald uLdsueIdY (Aymeay) zz=N -ue3dy 1edo bw ¥ 40 0Z JOYID YIIM JUBWILAIIRY  ULIBSUERIDY BYIQ ‘pasLwopuey J9PLOMUR)IOA X 4
-Juawieasiaid Aq paonpas Jou asem utghio)isd Jo asop Ny e Jo 309449 buuaye-putw Juawieasy uighooyisd bw gz a1049q yz Aep weud euy
pue poow aALsod ay] *(,5309449 Jlpeu,, pue AJaLxue ‘uotIn|osstp oba-snoixue ‘s3oa4e bnip 1593 uo asop a1buts e pue ‘shep/ 1oy Aep/bw oz Agq -01e31059 :(TYSS)  pa)jotauod-ogaderd

peq aA1323[gns) utgAdoyisd 4o $399)49 a3nde aAlebau ay3 padnpas Juswieasjald weidojoidsy (Aymeay) cz=nN pamonjo4 ‘shep /£ 10} Rep/Buwi QT yiim Juswieaiiald sjuessaidapuuy ‘pasiwopuey  (2z0z) ‘e 19 Jaydag
“uighooisd Byy/bw gz-0 Tewy

UEN 4O UOLIRIISLULWIPE 11O 910J3q ULW 06 duopLddsL auopuadsu  pa)joi3uod-ogadeld (8661) 1 39

-uew Juapuadap-asop e ut ulqhdojisd Jo s3oayys sy} patenuslie Juswieastaid suopuadsty (Aymeay) gT=N 1es0 BuiT 10 bui G Q JBYILS YIIm JusweasIaid :so130UdAsd Uy ‘pastwopuey J9PLOMUR)IOA X 4
*$3Se3 asuodsal pakejap 10 suoljeULIN]RY JENSIA UO S}IBHD -urgfooyisd B 1eu}

Aue noyim A3aixue paseasdul Ing euswouadyd uoljestjeuosiadap pue uoljes)easap Jo sain /Bbw Gz 0 JO uoLIBISIULWPE |BIO B1043] ULW G/ |0PLID jopuadojey  pajjos3uod-ogade)d (8661) e 39

-SBalll ‘SSAUSSAIPUNOG LU dYF UO SIIRYd uighdojisd padnpas Juswieasiald jopusdojey (Ayneay) gt=y  -dojey By/6w 120 0 SNOUSARIIUL UM JUDWIRAIIDI] :so0ydAsdiuy ‘pastwopuey J9PLOMUR)IOA X 4
el
‘uol403stp uotydadiad jensia pue -utghooyisd by /bwg o suilzewoudio|yds  panjosauod-ogadeld

uowye)tp 1tdnd paonput-uigAdojisd paseasdsp Ajpuedytubis sutzewoidio|yd yiim juswieasiaid (Ayneay) g=N 21099 Yz duizewoidiolyd Hw g yim Juswieasiald :sai30ydAsdiuy ‘pastwopuey (£96T) 19199y
et}

utgAooyisd 63/6w /£1°0 40 uOLRIISLULWIPE 1RI0 D10} suoildsng  payjosauod-ogederd (9102)

‘uol03sLp uotjdadiad jensia paonpul-uigAdoisd paonpas Ajpadew juswieastaid auoiidsng (Aymeay) 61=N  -9q uLw 9 suoidsng Jeso Bw gz YIm Juswieasidld :so13R)01XUY ‘pastwopuey e 32 Auioxod

[awoINQ sjuedioiieqd asoq bnig adAy Apms 1eak pue loyiny

*sbnip Jayjo pue urghooyisd usamiaq (Joaiay} aduasqe ay3 10) suoloesajuL buiquasap spodai ased pue satpnis jo Alewwns g a)qel



Halman et al.

Table 3. Summary of studies and case reports describing interactions (or the absence thereof) between mescaline and other drugs.

Author Study type Drug Dose Participants Outcome
and year
Lesse Controlled  Antipsychotics: Mescaline (intravenous) or LSD N=25 The administration of chlorpromazine

(1958) trial chlorpromazine and

promazine

(oral) followed by intravenous
chlorpromazine or promazine (no
more details given).

(patients with
schizophrenia)

or promazine led to a reduction in
acute anxiety symptoms in 68%
(17/25) of participants.

(1) Pretreatment with azacyclonol
likely attenuated the effects of
mescaline.

(2) Azacyclonol treatment during the
height of the experience started to
block the actions of mescaline.

N=4 (healthy)
Age: 20-45

N=1 (healthy)  No differences in mescaline
intoxication when ingesting it with
or without azacyclonol pretreatment.

N=1 (healthy)  Pretreatment with 2C-0 potentiated

Fabing Case series  Antidepressants: (1) Pretreatment with 50mg
(1955) azacyclonol azacyclonol at 50, 38, 26 and
2h before ingestion of 400 mg
mescaline sulphate.
2) Placebo instead of pretreatment,
at 4.5 or 5h mark 100mg
azacyclonol (intravenous).
Clark Case report Antidepressants: 40mg azacyclonol four times a day
(1956) azacyclonol for 3days before ingesting 200 mg
and 400 mg mescaline sulphate.
Dittrich Case report Other: 2C-0 Pretreatment with 100-200 mg
(1971) 2C-0 and 45min later 100mg

mescaline.

Age: 29 the effects of mescaline as the ability
to concentrate decreased and the

time taking a test increased.

LSD: lysergic acid diethylamide; 2C-0: 2,4,5-trimethoxyphenethylamine.

hallucinations may involve direct stimulation of 5-HT,, recep-
tors, or alternatively, interaction between 5-HT,, and 5-HT,,
receptors on pyramidal cells due to co-expression of 5-HT, , and
5-HT,, receptors in cortical and visual areas (Pokorny et al.,
2016). Despite both psilocin and buspirone being partial agonists
at 5-HT, , receptors, the blocking effect of buspirone may be due
to a more effective inhibitory impact on pyramidal neurons com-
pared to psilocin (Pokorny et al., 2016).

Dopamine receptor antagonists

Buspirone is also an antagonist for dopamine D, receptors (low
affinity) and has shown weak affinity to the 5-HT, receptors
(Loane and Politis, 2012), which could have a role in modulat-
ing the effects of psilocybin as well. However, while LSD is
known to have an effect on the dopaminergic system (found to
be important in perceived selthood and cognition) (Lawn et al.,
2022) and it has a high affinity for both D, and D, receptors
(Halberstadt and Geyer, 2011), then psilocin does not bind to
dopamine receptors (Halberstadt and Geyer, 2011). Moreover,
D, antagonism by haloperidol alone did not have an effect on
psilocybin-induced hallucinations (F. X. Vollenweider et al.,
1998). Haloperidol did, however, diminish the feelings of oce-
anic boundlessness and derealisation and also increased anxiety
(F. X. Vollenweider et al., 1998). In this case, psilocybin may
exert an indirect impact on dopaminergic systems, which is
subsequently counteracted by haloperidol (F. X. Vollenweider
et al., 1998). It has been shown in rats that psilocybin adminis-
tration can increase extracellular dopamine levels in the frontal
cortex (Wojtas et al., 2022) and psilocin administration has also
increased dopamine levels in the nucleus accumbens (Sakashita
etal., 2015).

Serotonin reuptake inhibitors

Interestingly, the blocking of serotonin reuptake transporters
with SSRIs, such as fluoxetine, sertraline and paroxetine, reduced
the effects of LSD as reported in one study (Bonson et al., 1996).
Moreover, fluoxetine also delayed the onset of LSD effects in
nearly half of the participants in the same study (Bonson et al.,
1996) and was shown to markedly decrease sensitivity to LSD in
one case report (Strassman, 1992). SSRIs can also result in DDI
at the pharmacokinetic level as some of them, such as fluoxetine,
are potent inhibitors of CYP2D6 enzymes (Bresen, 1998), which
can modulate the effects of psychedelics that are being metabo-
lised by such enzymes. For example, CYP2D6 enzymatic activ-
ity is already known to influence the effects of LSD (Straumann
etal., 2023; Vizeli et al., 2021). Considering this, one might have
expected a stronger and more prolonged response from LSD
instead of reduced effects. However, ultimately this could involve
an interplay between various molecular actions, including inter-
actions with enzymes, receptor availability and other molecular
factors.

Trazodone, which was previously described to reduce LSD
effects as it is a 5-HT,, antagonist, is also a serotonin receptor
antagonist and reuptake inhibitor (SARI) (Fagiolini et al., 2012)
that might have a role in the observed effects as well. Potentially,
SSRIs and SARIs that increase extracellular serotonin by inhibit-
ing its uptake can then attenuate the effects of psychedelics via
receptor competition with the endogenous serotonin. In addition,
it has been shown that repeated administration of SSRIs desensi-
tises 5-HT,, receptors which may reduce the cell’s response to
psychedelics by binding to these receptors (Gray and Roth,
2001). Chronic SSRI use can also increase serotonin release via
desensitisation of 5-HT,, raphe autoreceptors (Artigas et al.,
2001).



10

Journal of Psychopharmacology 00(0)

Table 4. Summary of studies and case reports describing interactions (or the absence thereof) between DMT, ayahuasca and other drugs.

Author and year  Study type  Drug Dose Participants Outcome
Sai Halasz Controlled  Antidepres- Pretreated with iproniazid N=7 (healthy)  Volunteers who received the lower dose of DMT
(1963) trial sants (MAOI): (4days 100 mg/daily) Age: 21- did not experience hallucinations or disruptions
iproniazid followed by a pause of 36 years in time and space orientation but reported an
2days. On the follow- 4 males/3 ‘odd’ feeling. The five receiving the higher dose
ing day: five volunteers females experienced less intense DMT effects lasting for
received a dose of 14-24min.
0.65-0.83 mg/kg DMT and
two individuals a lower
dose of 0.35-0.55mg/
kg DMT.
Strassman Ran- Other: racemic ~ Racemic pindolol (30 mg N=12 (healthy) Pindolol pre-treatment enhanced DMT effects by
(1996) domised, pindolol oral) and 0.1mg/kg DMT 2-3times. Significant enhancement in 4-6 clini-
placebo- (intravenous) cal clusters in the hallucinogen rating scale. Mean
controlled arterial blood pressure effects were enhanced,
trial heart rate responses were blunted, prolactin
responses were reduced.
Sai-Halasz Controlled  Other: methy- Methysergide adminis- N=15 (healthy) Intensification of DMT subjective effects when
(1962) trial sergide tered: taken with methysergide.
1) 1-2mg perorally (1) Two individuals: heightened subjective effects
30-40min before DMT; of DMT; five individuals: very intense aggravation
2) 0.5mg intramuscularly of DMT subjective effects.
10min before DMT. (2) Four individuals who took 65-80% less DMT
than their first time experienced similar effects.
Four individuals who took 50-60% of their first-
time dose did not experience a more pronounced
hallucinatory state than their first experience,
and in one case, the effects were even less
pronounced.
Callaway and Case report  Antidepres- Fluoxetine (20 mg/day) N=1 Adverse effects are similar to serotonin toxicity
Grob (1998) sants (SSRI): treatment, administra- 36-year-old (sweating, shivering, tremors, confusion, severe
fluoxetine tion of ~100 ml ayahuasca male with mild  nausea, vomiting and disorientation) after con-
brew. depression sumption of ayahuasca brew that lasted for 4 h.

DMT: N,N-dimethyltryptamine; MAOI: monoamine oxidase inhibitor; SSRI: selective serotonin reuptake inhibitor.

However, one SSRI, escitalopram, did not have an effect on
psilocybin-induced positive mood or mind-altering effects (dep-
ersonalisation, oceanic boundlessness or euphoria), but it did
reduce ego disintegration and anxiety (Becker et al., 2022). The
authors hypothesised that while LSD does not affect the seroto-
nin transporter, psilocin has a weak inhibitory effect on it (Becker
etal., 2022; Rickli et al., 2016). This distinction in pharmacology
could lead to different interactions between antidepressants and
LSD compared to psilocybin (Becker et al., 2022), explaining the
differences in response. Although this study offers important
insights into the safety of administering psilocybin to patients
taking escitalopram, it is crucial to bear in mind that the treatment
phase of this study was 14 days. Longer treatment periods with
escitalopram, which may often last for years, could lead to dis-
tinct outcomes due to molecular changes that occur over extended
periods (Faure et al., 2006).

Nonetheless, another study (not included in the results)
involved 19 patients with treatment-resistant depression and who
were on chronic SSRI treatment (sertraline, escitalopram, fluox-
etine, vilazodone, paroxetine or citalopram). The patients were
treated with synthetic psilocybin (an investigational drug named
‘COMP360’) and no serious treatment-emergent adverse events
were reported (Goodwin et al., 2023). However, two cases were

considered severe (both blood pressure increase) and necessi-
tated treatment with clonidine, but the study did not provide
information regarding which specific SSRI treatments these indi-
viduals were on. Secondly, although the study measured 5-dimen-
sional altered states of consciousness (5D-ASC) scores, it also
did not provide a breakdown by specific SSRIs. This absence of
information makes it difficult to assess and compare the individ-
ual impacts of different SSRIs on subjective effects as well, par-
ticularly given the high standard deviations in the SD-ASC
results and instances of zero scores in three dimensions, indicat-
ing some participants did not respond to psilocybin. Improvements
in depression severity were observed in 42.1% of cases at week
3, which indicates that ongoing SSRI treatment did not signifi-
cantly hinder psilocybin’s therapeutic potential, at least for those
participants. Based on the results, the authors hypothesise that
chronic SSRI treatment may not significantly downregulate
5-HT, ¢ receptors, or potentially indicate a lesser impact on the
downregulated receptors on the psychedelic experience than pre-
viously theorised. It is also possible that unknown mechanisms
downstream of 5-HT,,, receptor signalling could compensate
for any potential effects of chronic SSRI treatment on the psyche-
delic response, as they state (Goodwin et al., 2023). While the
study contributes to the body of evidence supporting the safety of
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Table 5. Summary of studies and case reports describing interactions (or the absence thereof) between 5-Me0-DMT and other drugs.

Participants  Outcome

Author and year Study type  Drug Dose
Brush et al. Case report  Other: B-carbolines  Co-administration of three N=1
(2004) Syrian rue seeds extract and

10mg (smoked) +15-20mg ~ male

Severe agitation, hallucinations, emesis,
rhabdomyolysis, diaphoretic skin, hyperthermia
(40.7 °C) and tachycardia (186 bpm).

17-year-old

(snorted) of 5-Me0-DMT.

Sklerov et al. Case report  Other: B-carbolines  Unknown composition and N=1 The subject consumed some type of ‘herbal
(2005) quantity of an herbal/syn- 25-year-old  tonic” before going to sleep and was found
thetic combination, likely male dead the next morning. Autopsy and toxicology

containing 5-Me0-DMT (po-
tentially synthetic), DMT and

B-carbolines.

examination reported high concentrations of
DMT, 5-Me0-DMT, tetrahydroharmine, har-
maline and harmine in tissues and biological
fluids including Lliver and blood.

DMT: N,N-dimethyltryptamine; 5-Me0-DMT: 5-methoxy-N,N-dimethyltryptamine.

using psilocybin alongside SSRI treatment, it is important to note
its limitations, including a small sample size and the absence of a
breakdown of specific SSRIs. This latter is crucial for linking
adverse events and subjective effects to individual drugs, given
their distinct properties and potential for varied drug interactions.
Due to this, this article was not included in the main results.

Another study by Gukasyan et al. (2023), based on online retro-
spective survey results, also provided generalised findings for SSRIs
and serotonin and norepinephrine reuptake inhibitors (SNRIs) (thus
not included in the primary results). This study reported weakened
effects of psilocybin in approximately half of the participants when
used concurrently with SSRI/SNRIs, also suggesting downregula-
tion of 5-HT,, receptors (Gukasyan et al., 2023).

Monoamine oxidase inhibitors

Results from another antidepressant class, MAOIs, showed a
similar outcome to those of SSRIs. In particular, phenelzine, iso-
carboxazid, nialamide and iproniazid are all non-selective MAO
inhibitors (Entzeroth and Ratty, 2017), therefore inhibiting both
MAO-A and MAO-B enzymes. The first three listed antidepres-
sants attenuated or blocked the effects of LSD (Bonson and
Murphy, 1996; Grof and Dytrych, 1965; Resnick et al., 1964). By
contrast, the latter, iproniazid, did not alter the subjective or
physical effects of LSD (DeMaar et al., 1960). However, iproni-
azid was also used in the experiments with DMT where it was
shown to reduce the effects of DMT (Sai Halasz, 1963). This
particular finding is interesting as iproniazid is an irreversible
MAOI (Entzeroth and Ratty, 2017) that inhibits the enzyme that
rapidly metabolises DMT (Barker et al., 1980). Moreover, stud-
ies in rats have shown that iproniazid pretreatment increases lev-
els of DMT in the brain, as well as in the liver, kidney and blood
(Sitaram et al., 1987). However, the reduced DMT effects could
be due to increased serotonin levels after blocking MAO and it is
hypothesised that higher doses of DMT are needed when seroto-
nin levels are elevated (Sai Halasz, 1963). It is suggested that
ayahuasca’s effect is mediated by MAO inhibition in the diges-
tive system or bloodstream, which protects DMT from metabo-
lism during its transit to the brain, where MAO inhibitors can
then attenuate DMT’s effects due to elevated brain serotonin
(Ott, 1996). This hypothesis for DMT can also explain the simi-
lar, attenuated response, which was observed in the studies where
LSD was combined with MAOIs (Bonson and Murphy, 1996;
Grof and Dytrych, 1965; Resnick et al., 1964).

In addition to metabolising DMT, MAOIs are also important
in the breakdown of serotonin as they block MAO enzymes
involved in its metabolism (Foong et al., 2018). This gives rise to
a possible scenario of excessive serotonin levels in the brain. In
particular, when combining MAOIs with each other or with
SSRI/SNRI, it has been thought to carry the greatest risk of sero-
tonin toxicity (Foong et al., 2018). In one case report, symptoms
resembling serotonin toxicity were reported after an individual
was administered ayahuasca while being on a fluoxetine treat-
ment (Callaway and Grob, 1998). However, the patient also
recovered rapidly within 4 h after the administration of ayahuasca
without any treatment. Moreover, another case report that was
not included in the review documented an instance of serotonin
toxicity in an individual who had been undergoing fluoxetine
and quetiapine treatment while consuming pure harmal extracted
from Peganum harmala, which is a component of ayahuasca
(Bakim et al., 2012).

Ayahuasca brew is usually made from a plant containing
DMT and another plant that contains -carbolines which mostly
inhibit MAO-A, thereby making DMT orally active (McKenna,
2004). Tetrahydroharmine (THH), one of the B-carbolines pre-
sent in the brew, can also act as a weak serotonin uptake inhibitor
and increase brain serotonin levels (Airaksinen et al., 1980).
Fluoxetine strongly inhibits the CYP2D6 enzyme, which metab-
olises many drugs, including serotonin. The concurrent inhibition
of serotonin reuptake and serotonin-metabolising enzymes, such
as CYP2D6 and MAO, can cause an accumulation of serotonin in
the brain and low clearance, potentially leading to life-threaten-
ing serotonin toxicity (Dunkley et al., 2003). This explanation
aligns with the reported case reports; however, further research is
necessary to confirm the potential association. While more evi-
dence is required to shed light on the possible DDI, it would be
advisable to exercise caution when combining MAOIs found in
ayahuasca with SSRIs and SNRIs (e.g. citalopram, escitalopram,
fluvoxamine, fluoxetine, paroxetine and sertraline).

There are two case reports in which the consumption of
5-MeO-DMT alongside [-carbolines (MAO-A inhibitors)
resulted in a serious adverse event. In one case (Brush et al.,
2004), the ingestion of 5-MeO-DMT in combination with three
Syrian rue (Peganum harmala) seeds containing harmaline and
harmine led to severe agitation, hallucinations, emesis, rhabdo-
myolysis, diaphoretic skin, hyperthermia and tachycardia. Based
on the observed time course and symptoms, the authors sug-
gested the possibility of MAOI poisoning (Brush et al., 2004).
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Alternatively, they also considered serotonin toxicity but deemed
it less likely. A critical assessment of the report by dos Santos
(2013) suggested serotonin toxicity over MAOI poisoning (dos
Santos, 2013).

In this case report, it was indicated that three Syrian rue seeds
were consumed. However, considering the tiny weight (Li et al.,
2023) and the average content of alkaloids in these seeds (Herraiz
et al., 2010), the estimated total harmaline and harmine content
would be only approximately 0.26 mg and 0.34 mg, respectively.
The combined amount is at least 50 times less than the same alka-
loid levels typically used in a standard ayahuasca brew for MAO
inhibition (D. J. McKenna et al., 1984; Rivier and Lindgren,
1972). While it is challenging to determine the minimum dose of
harmaline/harmine necessary for MAO inhibition that induces
such adverse effects, it is important to approach this reported
consumption of three seeds with a degree of scepticism. It might
be possible that the individual may have instead consumed seed
capsules, each containing over 50 seeds (Moloudizargari et al.,
2013), totalling approximately over 30 mg of combined harma-
line and harmine for three capsules, comparable to doses used in
an ayahuasca brew.

The second case report (Sklerov et al., 2005) described the
death of a 25-year-old male after he consumed herbal extracts
containing P-carbolines and tryptamines. No information is
available regarding the composition and dosage of the products
but toxicology analysis revealed the presence of 5-MeO-DMT,
DMT, MAOIs (harmaline and harmine) and THH (weak seroto-
nin uptake inhibitor). This particular report has faced some criti-
cism for associating toxicity with ayahuasca and for not including
several important details (Callaway et al., 2006). Callaway and
his colleagues suggested that the elevated levels of 5-MeO-DMT
found in the deceased individual’s blood likely have a synthetic
origin rather than originating from an ayahuasca brew. This con-
clusion arises because common ingredients in ayahuasca brew do
not contain 5-MeO-DMT or, at most, contain only trace amounts
of it (Callaway et al., 2000).

The toxicity observed in those two case reports remains
unclear, but could also have arisen from the impact of MAOIs on
the levels of 5-MeO-DMT in the blood and brain as hypothesised
by Halberstadt (2016). Inhibiting MAO-A activity by f-
carbolines could substantially increase concentrations and accu-
mulation of 5-MeO-DMT in the brain and may also lead to
interactions with various other targets, potentially giving rise to
adverse effects and toxicity (Halberstadt, 2016; Jiang et al.,
2013). Further evidence is required to confirm the link between
5-MeO-DMT and MAO-A inhibitors. However, based on the
case reports, one should exercise caution when combining
5-MeO-DMT with either MAO-A inhibitors (such as harmaline
and harmine) or non-selective MAO inhibitors (e.g. medicines
such as tranylcypromine, isocarboxazid, phenelzine and
selegiline).

Other drugs (blocking action)

One study that reported a blocking action on LSD effects was
using a high dose of niacin (vitamin B3). Pretreatment with nia-
cin resulted in delayed onset of LSD effects and prevented most
of the perceptual changes from occurring, and administration
post-LSD ingestion attenuated all effects of LSD within Smin
(Agnew and Hoffer, 1955). The blocking mechanism of niacin is

not clear but may be due to increased serotonin levels. This is
indicated by the studies where niacin has been shown to induce
serotonin release from human platelets within a few minutes and
to increase plasma serotonin levels in rats (Papaliodis et al.,
2008). Secondly, blocking 5-HT,, receptors with ketanserin
inhibits niacin-induced temperature increase (Papaliodis et al.,
2008), which indicates that serotonin is involved in the effects of
niacin. Finally, high-dose treatment with niacin has caused
manic-like psychotic episodes that were thought to occur via
stimulation of serotonin but also dopamine production (Loebl
and Raskin, 2013).

Tricyclic antidepressants

Several studies have reported the potentiated effects of LSD. In
one study, desipramine, imipramine and clomipramine, which
are all TCAs, were shown to increase the psychological effects of
LSD (Bonson and Murphy, 1996). Desipramine is a potent inhib-
itor of noradrenaline reuptake, while imipramine and clomi-
pramine exhibit a lower degree of noradrenaline and serotonin
reuptake inhibition (Gillman, 2007). Furthermore, clomipramine
also functions as a 5-HT,, receptor antagonist and also imipra-
mine has an affinity for this receptor subtype (Gillman, 2007).

Since TCAs were reported to enhance the effects of LSD
despite some of them inhibiting serotonin uptake and are even
5-HT,, receptor antagonists (similar to SSRIs that decreased the
effects of LSD), it is suggested another mechanism can contrib-
ute. For instance, chronic administration of TCAs, such as desip-
ramine, can increase the sensitivity of certain neurons to LSD,
suggesting that these medications may sensitise postsynaptic
serotonin receptors in the brain and therefore be more responsive
to LSD (Bonson and Murphy, 1996). Alternatively, the effects
can be enhanced through a dopaminergic system (Bonson and
Murphy, 1996) as chronic use of desipramine has been demon-
strated to result in an elevated behavioural response to ampheta-
mine, whereas chronic use of fluoxetine did not have the same
effect (Spyraki and Fibiger, 1981). Therefore, it is possible that
the observed effects are due to a modification in the sensitivity of
the dopamine receptors. However, it is noteworthy that the results
of TCAs originate from a single study with a very small number
of participants.

Other drugs (potentiating action)

Additionally, from the same study, it was reported that chronic lith-
ium use potentiated LSD effects and resulted in earlier onset
(Bonson and Murphy, 1996). It has been suggested that while acute
administration of lithium increases serotonin levels in the brain,
chronic administration on the other hand reduces serotonin concen-
trations (Bonson and Murphy, 1996). This may explain why long-
term lithium use enhances LSD effects, as LSD acts as an agonist in
the absence of endogenous serotonin resulting in the observed
behavioural effects (Bonson and Murphy, 1996). It is important to
note that these findings and some anecdotal reports that can be
found on internet forums suggest a similar outcome, there are also
several reported instances of lithium causing seizures when used
concurrently with LSD or psilocybin (Nayak et al., 2021).
Intensified and prolonged (negative) effects of LSD have also
been reported in individuals being pretreated with reserpine, an
antihypertensive drug, in three separate studies (Freedman, 1963;
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Isbell and Logan, 1957; Resnick et al., 1965). Both Freedman
(1963) and Isbell and Logan (1957) reported tremors that were
present after using LSD together with reserpine. Tremors were
not observed during LSD use alone (Isbell and Logan, 1957), and
when combined with reserpine, the experience was reported to be
less pleasant and lasted longer than LSD use alone (Freedman,
1963). Furthermore, specific types of hallucinations were
reported with reserpine treatment that were not observed during
LSD use alone. Overall, individuals reported unpleasant experi-
ences when using an LSD with reserpine.

Reserpine has the ability to bind to the storage vesicles of
certain neurotransmitters, including dopamine and norepineph-
rine. This binding inhibits the catecholamine pumps and blocks
the uptake of serotonin, norepinephrine and dopamine into the
presynaptic storage vesicles. Ultimately, this leads to the deple-
tion of these neurotransmitters by cytoplasmic MAO at both cen-
tral and peripheral synapses (Cheung and Parmar, 2023). Lower
serotonin levels can enhance LSD effects, which was also
observed for lithium. However, when LSD was used after chronic
administration of lithium, it resulted in positive effects and more
vivid hallucinations, without any noted increase in negative psy-
chological or physical side effects as for reserpine. Treatment
with reserpine has been known to cause several neurological side
effects (Cheung and Parmar, 2023), and studies have shown that
in patients with anxiety it can exacerbate their symptoms (Peterfy
et al., 1976; Sarwer-Foner and Ogle, 1956). Since LSD can also
increase anxiety as a side effect (Strassman, 1984), it is possible
that reserpine treatment could enhance this effect (or vice versa),
while the modulated hallucinogenic effects of LSD are due to
depleted serotonin levels.

Moreover, reserpine is also a potent inhibitor of both
CYP2C19 and CYP2D6 enzymes (Englund et al., 2014), which
are involved in the initial metabolic steps of LSD (Wagmann
et al., 2019). This inhibition may account for the reported pro-
longed effects of LSD when it was used with reserpine (Freedman,
1963) as it could potentially decrease the metabolism of LSD.
Finally, reserpine acts as an inhibitor of P-glycoprotein as well
(Englund et al., 2014), which can lead to increased concentra-
tions of P-gp substrates. However, no research has been con-
ducted to investigate the impact of P-gp activity on LSD
pharmacokinetics and its effects, making it difficult to assess the
potential contribution of P-gp inhibition.

Racemic pindolol, which has an affinity for 5-HT,, and B-
adrenergic receptors (Artigas et al., 2001), was reported to inten-
sify the effects of DMT (Strassman, 1996). The authors suggested
a buffering effect of 5-HT,, that blocked the 5-HT,-mediated
psychedelic effects (Strassman, 1996). However, pindolol has
been shown to accelerate, and in some cases, enhance the antide-
pressant effects of SSRIs. This can be mediated by antagonising
5-HT, , autoreceptors in the midbrain raphe and, as a result, pre-
venting the inhibition of serotonin release (Artigas et al., 2001).
DMT is a full agonist at 5-HT, , receptors and has a higher aftin-
ity for the receptor than it has for 5-HT,, receptors where it is a
weak partial agonist (Kozell et al., 2023). Hypothetically, a simi-
lar effect as for SSRIs has been described, and can also modulate
the effects of DMT, which may have enhanced effects via activat-
ing postsynaptic 5-HT,, receptors while 5-HT,, autoreceptors
are blocked.

A 5-HT, receptor agonist and 5-HT, receptor antagonist
methysergide were similarly shown to potentiate DMT’s effects

(Sai-Halasz, 1962). This finding adds more weight to the 5-HT,
receptor contribution to the effects of DMT, especially consider-
ing that methysergide is also an antagonist at the 5-HT,,
receptors.

With regards to mescaline use and potentiated effects, one
case report involved the use of 2C-O, a structural isomer of mes-
caline that did not appear to have psychedelic properties on its
own (Dittrich, 1971). However, when used together with mesca-
line, a synergistic effect may have occurred that potentiated the
effects of mescaline described in the case report.

Other drugs (mixed results)

Azacyclonol, once investigated as a potential antidepressant, was
experimented on individuals who administered LSD and mesca-
line. Two studies showed no effect of blocking LSD’s actions
(Clark, 1956; Isbell and Logan, 1957) and one case report
describes the same for mescaline (Clark, 1956). These results are
in contrast to another study that reported the attenuated (pretreat-
ment) or blocked (acute) effects of mescaline after azacyclonol
treatment (Fabing, 1955). The mechanism of action of azacyclo-
nol is not well understood, and the mixed results from the
described studies make it difficult to draw firm conclusions and
hypotheses.

Recreational drugs

Finally, two studies reported the effects of recreational drugs,
including MDMA and alcohol consumption on LSD and alcohol
on psilocybin. One study, which investigated the effects of alco-
hol, found that LSD and psilocybin (to a lesser extent) acted as
antagonists to the subjective effects of alcohol, while their own
psychedelic effects were mainly unaffected (Barrett et al., 2000).
It has been suggested that LSD may block the subjective effects
of alcohol by interacting with 5-HT,; and 5-HT,. receptors,
which are implicated in the formation of the ethanol cue (Barrett
etal., 2000). Evidence shows that agonists of these receptors pro-
duce responses similar to those of alcohol, whereas blockade of
these receptors interferes with the discriminative stimulus prop-
erties of alcohol (Barrett et al., 2000). In the second, a placebo-
controlled study (Straumann et al, 2023), LSD was
co-administered with MDMA to investigate the benefits of a
combination also known as ‘candy-flipping’. While the particu-
lar combination did not yield significant changes as assessed by
various instruments, it did result in longer-lasting drug effects
(averaging 1.5h longer, compared to LSD alone). Also, the com-
bination led to higher plasma concentrations and an extended
plasma elimination half-life for LSD, compared to LSD alone.
The prolonged drug effects could be attributed to decreased
CYP2D6 activity, an enzyme known to be inhibited by MDMA
(O’Mathtna et al.,, 2008) and involved in LSD metabolism
(Vizeli et al., 2021).

Limitations

One of the limitations of this study is the inclusion of a number
of old research articles, particularly those published between
the 1950s and the 1970s, where many of them provided limited
information about the outcomes and/or methods used.
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Additionally, the limited number of total studies included in this
review led to the inclusion of case reports, which may be subject
to bias and may provide limited generalisability to larger popula-
tions. This review may also have also missed some relevant stud-
ies that were published only in non-English languages, which
were more common in the early days of research. Finally, this
review focused on interactions with LSD, psilocybin, mescaline,
5-MeO-DMT, DMT and ayahuasca, while not including other
psychedelics.

Conclusions

In this systematic review, we observed DDIs at both pharmaco-
dynamic and (likely) pharmacokinetic levels that may block or
decrease the response to psychedelics, or alternatively potentiate
and lengthen the duration of psychological and/or physical
effects. While there is strong evidence of 5-HT,, receptor
involvement in the effects of psychedelics, some research
included in this review suggests that other serotonin receptors,
such as 5-HT,,5 and dopamine receptors, along with altered
serotonin levels, may also modulate psychological and/or physi-
cal effects. Additionally, a small number of studies reviewed
indicated a potential role of the 5-HT, receptor subtype in modu-
lating the effects of DMT. It appears that although different
psychedelics may yield similar subjective effects, their pharma-
cological properties differ, resulting in potentially varying inter-
action effects when combined with other drugs. Overall, given
the limited number of papers exploring DDIs associated with
psychedelics and the resurgence of scientific and medical interest
in these compounds, further research is needed to improve under-
standing of such interactions, and identify novel drug interactions
and potentially serious adverse reactions not currently described
in the literature.

Acknowledgements

The authors acknowledge Eleanor White for her contribution to an earlier
version of the introduction.

Declaration of conflicting interests

The author(s) declared the following potential conflicts of interest with
respect to the research, authorship, and/or publication of this article: JS
and DP are directors of a not-for-profit research institute which has in the
past received commercial funding to undertake psychedelic medicines
research.

Funding

The author(s) received no financial support for the research, authorship,
and/or publication of this article.

ORCID iD

Andreas Halman https://orcid.org/0000-0001-5248-4121

Supplemental material

Supplemental material for this article is available online.

References

Abramson HA, Rolo A and Stache J (1960) Lysergic acid diethylamide
(LSD-25) antagonists- chlorpromazine.pdf. J Neuropsychiatry 1:
307-310.

Agnew N and Hoffer A (1955) Nicotinic acid modified lysergic acid
diethylamide psychosis. J Ment Sci 101: 12-27.

Airaksinen MM, Svensk H, Tuomisto J, et al. (1980) Tetrahydro-beta-
carbolines and corresponding tryptamines: In vitro inhibition of
serotonin and dopamine uptake by human blood platelets. Acta Phar-
macol Toxicol 46: 308-313.

Amin ML (2013) P-glycoprotein inhibition for optimal drug delivery.
Drug Target Insights 7: 27-34.

Artigas F, Celada P, Laruelle M, et al. (2001) How does pindolol improve
antidepressant action? Trends Pharmacol Sci 22: 224-228.

Bakim B, Sertcelik S and Tankaya O (2012) A case of serotonin syn-
drome with antidepressant treatment and concomitant use of the
herbal remedy (Peganum Harmala). Klinik Psikofarmakoloji Biil-
teni-Bull Clin Psychopharmacol 22: 359-361.

Balsara JJ, Jadhav SA, Gaonkar RK, et al. (2005). Effects of the
antidepressant trazodone, a 5-HT 2A/2C receptor antagonist, on
dopamine-dependent behaviors in rats. Psychopharmacology 179:
597-605.

Barker SA, Monti JA and Christian ST (1980) Metabolism of the hal-
lucinogen N,N-dimethyltryptamine in rat brain homogenates. Bio-
chemPharmacol 29: 1049—-1057.

Barrett SP, Archambault J, Engelberg MJ, et al. (2000) Hallucinogenic
drugs attenuate the subjective response to alcohol in humans. Hum
Psychopharmacol 15: 559-565.

Becker AM, Holze F, Grandinetti T, et al. (2022) Acute effects of psilo-
cybin after escitalopram or placebo pretreatment in a randomized,
double-blind, placebo-controlled, crossover study in healthy sub-
jects. Clin Pharmacol Therap 111: 886-895.

Becker AM, Klaiber A, Holze F, et al. (2023) Ketanserin reverses the
acute response to LSD in a randomized, double-blind, placebo-
controlled, crossover study in healthy participants. Int J Neuro-
psychopharmacol/Official ~ Scientific Journal of the Collegium
Internationale Neuropsychopharmacologicum 26: 97-106.

Bonson KR, Buckholtz JW and Murphy DL (1996) Chronic administra-
tion of serotonergic antidepressants attenuates the subjective effects
of LSD in humans. Neuropsychopharmacol: Off Publ Am Coll Neu-
ropsychopharmacol 14: 425-436.

Bonson KR and Murphy DL (1996) Alterations in responses to LSD in
humans associated with chronic administration of tricyclic antide-
pressants, monoamine oxidase inhibitors or lithium. Behav Brain Res
73:229-233.

Boyd-Kimball D, Gonczy K, Lewis B, et al. (2019) Classics in chemical
neuroscience: Chlorpromazine. ACS Chem Neurosci 10: 79-88.
Brito-da-Costa AM, Dias-da-Silva D, Gomes NGM, et al. (2020)
Toxicokinetics and toxicodynamics of ayahuasca alkaloids N,N-
dimethyltryptamine (DMT), harmine, harmaline and tetrahydrohar-
mine: Clinical and forensic impact. Pharmaceuticals 13: 334. DOL:

10.3390/ph13110334.

Bresen K (1998) Differences in interactions of SSRIs. /nt Clin Psycho-
pharmacol 13: S45-S47.

Brush DE, Bird SB and Boyer EW (2004) Monoamine oxidase inhibi-
tor poisoning resulting from Internet misinformation on illicit sub-
stances. J Toxicol, Clin Toxicol 42: 191-195.

Cakic V, Potkonyak J and Marshall A (2010) Dimethyltryptamine
(DMT): Subjective effects and patterns of use among Australian rec-
reational users. Drug Alcohol Depend 111: 30-37.

Callaway JC and Grob CS (1998) Ayahuasca preparations and serotonin
reuptake inhibitors: A potential combination for severe adverse inter-
actions. J Psychoact Drugs 30: 367-3609.

Callaway JC, Grob CS, McKenna DJ, et al. (2006). A demand for clarity
regarding a case report on the ingestion of 5-methoxy-N, N-dimeth-
yltryptamine (5-MeO-DMT) in an Ayahuasca preparation [Review
of A demand for clarity regarding a case report on the ingestion of
S5-methoxy-N, N-dimethyltryptamine (5-MeO-DMT) in an Aya-
huasca preparation]. J Anal Toxicol 30: 406-407.

Calvey T and Howells FM (2018) Chapter 1 - An introduction to psyche-
delic neuroscience. Prog Brain Res 242: 1-23.


https://orcid.org/0000-0001-5248-4121

Halman et al.

15

Carbonaro TM and Gatch MB (2016) Neuropharmacology of N,N-
dimethyltryptamine. Brain Res Bull 126: 74-88.

Carter OL, Burr DC, Pettigrew JD, et al. (2005) Using psilocybin to
investigate the relationship between attention, working memory, and
the serotonin 1A and 2A receptors. J Cogn Neurosci 17: 1497-1508.

Carter OL, Hasler F, Pettigrew JD, et al. (2007) Psilocybin links binocu-
lar rivalry switch rate to attention and subjective arousal levels in
humans. Psychopharmacology 195: 415-424.

Cheung M and Parmar M (2023) Reserpine. StatPearls Publishing.
https://www.ncbi.nlm.nih.gov/books/NBK 557767/

Clark LD (1956) Further studies of the psychological effects of fren-
quel and a critical review of previous reports. J Nerv Ment Dis 123:
557-560.

DeMaar EWJ, Williams HL, Miller Al et al. (1960) Effects in man of
single and combined oral doses of reserpine, iproniazid, and D-lyser-
gic acid diethylamide. Clin Pharmacol Therap 1: 23-30.

Dinis-Oliveira RJ (2017) Metabolism of psilocybin and psilocin: Clinical
and forensic toxicological relevance. Drug Metab Rev 49: 84-91.

Dinis-Oliveira RJ, Pereira CL and da Silva DD (2019) Pharmacokinetic
and pharmacodynamic aspects of peyote and mescaline: Clinical and
forensic repercussions. Curr Mol Pharmacol 12: 184—194.

Dittrich A (1971) Alteration of behavioural changes induced by
3,4,5-trimethoxyphenylethylamine (mescaline) by pretreatment
with 2,4,5-trimethoxyphenylethylamine. Psychopharmacologia 21:
229-237.

dos Santos RG (2013) A critical evaluation of reports associating aya-
huasca with life-threatening adverse reactions. J Psychoact Drugs
45:179-188.

Dunkley EJC, Isbister GK, Sibbritt D, et al. (2003) The hunter serotonin
toxicity criteria: Simple and accurate diagnostic decision rules for
serotonin toxicity. QJM: Mon J Assoc Physicians 96: 635-642.

Egan C, Grinde E, Dupre A, et al. (2000). Agonist high and low affin-
ity state ratios predict drug intrinsic activity and a revised ternary
complex mechanism at serotonin 5-HT(2A) and 5-HT(2C) receptors.
Synapse 35: 144-150.

Englund G, Lundquist P, Skogastierna C, et al. (2014). Cytochrome p450
inhibitory properties of common efflux transporter inhibitors. Drug
Metab Dispos: Biol Fate Chem 42(3): 441-447.

Entzeroth M and Ratty AK (2017) Monoamine oxidase inhibitors—
revisiting a therapeutic principle. Open J Depress 6: 31-68.

Ermakova AO, Dunbar F, Rucker J, et al. (2022) A narrative synthesis of
research with 5-MeO-DMT. J Psychopharmacol 36: 273-294.

Fabing HD (1955) Frenquel, a blocking agent against experimental LSD-
25 and mescaline psychosis; preliminary note on its clinical applica-
tion. Neurology 5: 319-328.

Fagiolini A, Comandini A, Catena Dell’Osso M, et al. (2012). Rediscov-
ering trazodone for the treatment of major depressive disorder. CNS
Drugs 26: 1033—-1049.

Faure C, Mnie-Filali O and Haddjeri N (2006) Long-term adaptive
changes induced by serotonergic antidepressant drugs. Exp Rev Neu-
rother 6: 235-245.

Foong A-L, Grindrod KA, Patel T, et al. (2018) Demystifying serotonin
syndrome (or serotonin toxicity). Can Fam Phys Med Fam Can 64:
720-727.

Freedman DX (1963) Psychotomimetic drugs and brain biogenic amines.
Am J Psychiatry 119: 843-850.

Gillman PK (1999) The serotonin syndrome and its treatment. J Psycho-
pharmacol 13: 100-1009.

Gillman PK (2007) Tricyclic antidepressant pharmacology and therapeu-
tic drug interactions updated. Br J Pharmacol 151: 737-748.

Good M, Benway T, Joel Z, et al. (2022) Pharmacokinetics Of N,N-
dimethyltryptamine fumarate in humans. Authorea Preprints. DOI:
10.22541/au.165237523.39763980/v1.

Goodwin GM, Croal M, Feifel D, et al. (2023) Psilocybin for treatment
resistant depression in patients taking a concomitant SSRI medica-
tion. Neuropsychopharmacol: Off Publ Am Coll Neuropsychophar-
macol 48: 1492—1499. DOI: 10.1038/s41386-023-01648-7.

Gray JA and Roth BL (2001) Paradoxical trafficking and regulation of
5-HT(2A) receptors by agonists and antagonists. Brain Res Bull 56:
441-451.

Grof S and Dytrych Z (1965) Blocking of LSD reaction by premedication
with Niamid. Act Nerv Super 7: 306.

Gukasyan N, Griffiths RR, Yaden DB, et al. (2023) Attenuation of psilo-
cybin mushroom effects during and after SSRI/SNRI antidepressant
use. J Psychopharmacol 37: 707-716.

Halberstadt AL (2016) Behavioral and pharmacokinetic interactions
between monoamine oxidase inhibitors and the hallucinogen
5-methoxy-N,N-dimethyltryptamine. Pharmacol Biochem Behav
143: 1-10.

Halberstadt AL and Geyer MA (2011) Multiple receptors contribute to
the behavioral effects of indoleamine hallucinogens. Neuropharma-
cology 61(3): 364-381.

Halberstadt AL, Nichols DE and Geyer MA (2012) Behavioral effects
of a,a,p,B-tetradeutero-5-MeO-DMT in rats: Comparison with
5-MeO-DMT administered in combination with a monoamine oxi-
dase inhibitor. Psychopharmacology 221(4): 709-718.

Halman A and Oshlack A (2023) Catchii: Empowering literature review
screening in healthcare. Res Syn Meth 1-9. https://doi.org/10.1002/
jrsm.1675

Hemeryck A and Belpaire FM (2002) Selective serotonin reuptake inhib-
itors and cytochrome P-450 mediated drug-drug interactions: An
update. Curr Drug Metab 3: 13-37.

Herraiz T, Gonzalez D, Ancin-Azpilicueta C, et al. (2010) Beta-Carbo-
line alkaloids in Peganum harmala and inhibition of human mono-
amine oxidase (MAO). Food Chem Toxicol: Int J Publ Br Ind Biol
Res Assoc 48: 839-845.

Holze F, Vizeli P, Ley L, et al. (2021) Acute dose-dependent effects
of lysergic acid diethylamide in a double-blind placebo-controlled
study in healthy subjects. Neuropsychopharmacol: Off Publ Am Coll
Neuropsychopharmacol 46: 537-544.

Isbell H and Logan CR (1957) Studies on the diethylamide of lysergic
acid (LSD-25). II. Effects of chlorpromazine, azacyclonol, and reser-
pine on the intensity of the LSD-reaction. A.M.A. Arch Neurol Psy-
chiatry 77: 350-358.

Isbell H, Logan CR and Miner EJ (1959) Studies on lysergic acid diethyl-
amide (LSD-25). I1I. Attempts to attenuate the LSD-reaction in man
by pretreatment with neurohumoral blocking agents. 4.M.A. Arch
Neurol Psychiatry 81: 20-27.

Jiang X-L, Shen H-W, Mager DE, et al. (2013) Pharmacokinetic inter-
actions between monoamine oxidase A inhibitor harmaline and
S-methoxy-N,N-dimethyltryptamine, and the impact of CYP2D6
status. Drug Metab Dispos: Biol Fate Chem 41: 975-986.

Jiménez JH and Bouso JC (2022) Significance of mammalian N,
N-dimethyltryptamine (DMT): A 60-year-old debate. J Psychophar-
macol 36: 905-919.

Keeler MH (1967) Chlorpromazine antagonism of psilocybin effect.
International Journal of Neuropsychiatry 3: 66-71.

Kozell LB, Eshleman AJ, Swanson TL, et al. (2023) Pharmacologic
activity of substituted tryptamines at 5-hydroxytryptamine (5-HT)2A
receptor (5-HT2AR), 5-HT2CR, 5-HTI1AR, and serotonin trans-
porter. J Pharmacol Exp Therap 385: 62-75.

Lambert DG (2004) Drugs and receptors. Cont Edu Anaesth Crit Care
Pain 4: 181-184.

Lawn T, Dipasquale O, Vamvakas A, et al. (2022) Differential con-
tributions of serotonergic and dopaminergic functional connec-
tivity to the phenomenology of LSD. Psychopharmacology 239:
1797-1808.

Lesse S (1958) Psychodynamic relationships between the degree of anxi-
ety and other clinical symptoms. J Nerv Ment Dis 127: 124-130.

Li S, Yan N, Tanveer M, et al. (2023) Seed germination ecology of the
medicinal plant peganum harmala (Zygophyllaceae). Plants 12:
2660. DOI: 10.3390/plants12142660.

Loane C and Politis M (2012) Buspirone: What is it all about? Brain Res
1461: 111-118.


https://www.ncbi.nlm.nih.gov/books/NBK557767/
https://doi.org/10.1002/jrsm.1675
https://doi.org/10.1002/jrsm.1675

16

Journal of Psychopharmacology 00(0)

Loebl T and Raskin S (2013) A novel case report: Acute manic psychotic
episode after treatment with niacin. J Neuropsychiatry Clin Neurosci
25: E14.

Luethi D, Hoener MC, Krahenbiihl S, et al. (2019) Cytochrome P450
enzymes contribute to the metabolism of LSD to nor-LSD and
2-0x0-3-hydroxy-LSD: Implications for clinical LSD use. Biochem
Pharmacol 164: 129-138.

McKenna DJ (2004) Clinical investigations of the therapeutic potential of
ayahuasca: Rationale and regulatory challenges. Pharmacol Therap
102: 111-129.

McKenna DJ, Towers GH and Abbott F (1984) Monoamine oxidase
inhibitors in South American hallucinogenic plants: Tryptamine
and beta-carboline constituents of ayahuasca. J Ethnopharmacol 10:
195-223.

Moloudizargari M, Mikaili P, Aghajanshakeri S, et al. (2013) Pharma-
cological and therapeutic effects of Peganum harmala and its main
alkaloids. Pharmacog Rev 7: 199-212.

Murphree HB (1962) Quantitative studies in humans on the antagonism
of lysergic acid diethylamide by chlorpromazine and phenoxybenza-
mine. Clin Pharmacol Therap 3: 314-320.

Nagai F, Nonaka R and Satoh Hisashi Kamimura K (2007) The effects of
non-medically used psychoactive drugs on monoamine neurotrans-
mission in rat brain. Eur J Pharmacol 559: 132-137.

Nayak SM, Gukasyan N, Barrett FS, et al. (2021) Classic psychedelic
coadministration with lithium, but not lamotrigine, is associated with
seizures: An analysis of online psychedelic experience reports. Phar-
macopsychiatry 54: 240-245.

Niu J, Straubinger RM and Mager DE (2019) Pharmacodynamic drug-
drug interactions. Clin Pharmacol Therap 105: 1395-1406.

Olbrich S, Preller KH and Vollenweider FX (2021) LSD and ketanserin
and their impact on the human autonomic nervous system. Psycho-
physiology 58: €13822.

O’Mathutna B, Farré M, Rostami-Hodjegan A, et al. (2008) The conse-
quences of 3,4-methylenedioxymethamphetamine induced CYP2D6
inhibition in humans. J Clin Psychopharmacol 28: 523-529.

Ott J (1996) Pharmahuasca: On phenethylamines and potentiation. News-
lett MAPS 6: 32-34.

Page MJ, McKenzie JE, Bossuyt PM, et al. (2021) The PRISMA 2020
statement: An updated guideline for reporting systematic reviews.
BMJ 372:n71. DOI: 10.1136/bmj.n71.

Papaliodis D, Boucher W, Kempuraj D, et al. (2008) Niacin-induced
“flush” involves release of prostaglandin D2 from mast cells and
serotonin from platelets: evidence from human cells in vitro and an
animal model. J Pharmacol Exp 327: 665-672.

Peterfy G, Pinter EJ and Pattee CJ (1976) Psychosomatic aspects of cat-
echolamine depletion: Comparative studies of metabolic, endocrine
and affective changes. Psychoneuroendocrinology 1: 243-253.

Pokorny T, Preller KH, Krachenmann R, et al. (2016) Modulatory effect
of the 5-HT1A agonist buspirone and the mixed non-hallucinogenic
S5-HT1A/2A agonist ergotamine on psilocybin-induced psychedelic
experience. Eur Neuropsychopharmacol: J Eur Coll Neuropsycho-
pharmacol 26: 756-766.

Preller KH, Burt JB, Ji JL, et al. (2018) Changes in global and thalamic
brain connectivity in LSD-induced altered states of consciousness
are attributable to the 5S-HT2A receptor. ELife 7: €35082. https://doi.
org/10.7554/eLife.35082

Ray TS (2010) Psychedelics and the human receptorome. PloS One 5:
€9019.

Resnick O, Krus DM and Raskin M (1964) LSD-25 action in normal
subjects treated with a monoamine oxidase inhibitor. Life Sci 3:
1207-1214.

Resnick O, Krus DM and Raskin M (1965) Accentuation of the psycho-
logical effects of LSD-25 in normal subjects treated with reserpine.
Life Sci 4: 1433—1437.

Riba J, Mcllhenny EH, Bouso JC, et al. (2015) Metabolism and urinary
disposition of N,N-dimethyltryptamine after oral and smoked admin-
istration: A comparative study. Drug Test Anal 7: 401-406.

Rickli A, Moning OD, Hoener MC, et al. (2016) Receptor interaction
profiles of novel psychoactive tryptamines compared with classic
hallucinogens. Eur Neuropsychopharmacol: J Eur Coll Neuropsy-
chopharmacol 26: 1327-1337.

Rivier L and Lindgren J-E (1972) “Ayahuasca,” the South American hal-
lucinogenic drink: An ethnobotanical and chemical investigation.
Econ Bot 26: 101-129.

Sai-Halasz A (1962) The effect of antiserotonin on the experimental psy-
chosis induced by dimethyltryptamine. Experientia 18: 137-138.

Sai Halasz A (1963) The effect of MAO inhibition on the experimental
psychosis induced by dimethyltryptamine. Psychopharmacologia 4:
385-388.

Sakashita Y, Abe K, Katagiri N, et al. (2015) Effect of psilocin on extra-
cellular dopamine and serotonin levels in the mesoaccumbens and
mesocortical pathway in awake rats. Biol Pharm Bull 38: 134-138.

Sarparast A, Thomas K, Malcolm B, et al. (2022) Drug-drug interactions
between psychiatric medications and MDMA or psilocybin: a sys-
tematic review. Psychopharmacology 239: 1945-1976. https://doi.
org/10.1007/s00213-022-06083-y

Sarwer-Foner GJ and Ogle W (1956) Psychosis and enhanced anxiety
produced by reserpine and chlorpromazine. Can Med Assoc J 74:
526-532.

Schwarz CJ (1967) Paradoxical responses to chlorpromazine after LSD.
pdf. Psychosomatics 8: 210-211.

Sitaram BR, Lockett L, Talomsin R, et al. (1987) In vivo metabolism of
S-methoxy-N,N-dimethyltryptamine and N,N-dimethyltryptamine in
the rat. Biochem Pharmacol 36: 1509-1512.

Sklerov J, Levine B, Moore KA, et al. (2005) A fatal intoxication fol-
lowing the ingestion of 5-methoxy-N,N-dimethyltryptamine in an
ayahuasca preparation. J Anal Toxicol 29: 838-841.

Spyraki C and Fibiger HC (1981) Behavioural evidence for supersensi-
tivity of postsynaptic dopamine receptors in the mesolimbic system
after chronic administration of desipramine. Eur J Pharmacol 74:
195-206.

Strassman RJ (1984) Adverse reactions to psychedelic drugs. A review of
the literature. J Nerv Ment Dis 172: 577-595.

Strassman RJ (1992) Human hallucinogen interactions with drugs affect-
ing serotonergic neurotransmission. Neuropsychopharmacol: Off
Publ Am Coll Neuropsychopharmacol 7: 241-243.

Strassman RJ (1996) Human psychopharmacology of N,N-dimethyl-
tryptamine. Behav Brain Res 73: 121-124.

Straumann I, Ley L, Holze F, et al. (2023) Acute effects of MDMA and
LSD co-administration in a double-blind placebo-controlled study
in healthy participants. Neuropsychopharmacol: Off Publ Am Coll
Neuropsychopharmacol 48: 1840-1840. https://doi.org/10.1038/
s41386-023-01609-0

Vizeli P, Straumann I, Holze F, et al. (2021) Genetic influence of
CYP2D6 on pharmacokinetics and acute subjective effects of LSD
in a pooled analysis. Sci Rep 11: 10851.

Vollenweider FX and Smallridge JW (2022) Classic psychedelic drugs:
Update on biological mechanisms. Pharmacopsychiatry 55: 121-138.

Vollenweider FX, Vollenweider-Scherpenhuyzen MF, Bibler A, et al.
(1998) Psilocybin induces schizophrenia-like psychosis in humans
via a serotonin-2 agonist action. Neuroreport 9: 3897-3902.

Wagmann L, Richter LHJ, Kehl T, et al. (2019) In vitro metabolic fate
of nine LSD-based new psychoactive substances and their analytical
detectability in different urinary screening procedures. Anal Bioanal
Chem 411: 4751-4763.

Wojtas A, Bysiek A, Wawrzczak-Bargiela A, et al. (2022) Effect of psi-
locybin and ketamine on brain neurotransmitters, glutamate recep-
tors, DNA and rat behavior. Int J Mol Sci 23: 6713. DOI: 10.3390/
ijms23126713.

Wyatt RJ, Cannon EH, Stoff DM, et al. (1976) Interactions of hallucino-
gens at the clinical level. Ann NY Acad Sci 281: 456—486.

Zhao M, Ma J, Li M, et al. (2021) Cytochrome P450 enzymes and drug
metabolism in humans. /nt J Mol Sci 22: 12808. DOI: /10.3390/
ijms222312808.


https://doi.org/10.7554/eLife.35082
https://doi.org/10.7554/eLife.35082
https://doi.org/10.1007/s00213-022-06083-y
https://doi.org/10.1007/s00213-022-06083-y
https://doi.org/10.1038/s41386-023-01609-0
https://doi.org/10.1038/s41386-023-01609-0

