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Abstract

The current opioid crisis has had an unprecedented public health impact. Approved medications for opioid use disorder
(OUD) exist, yet their limitations indicate a need for innovative treatments. Limited preliminary clinical studies suggest
specific psychedelics might aid OUD treatment, though most clinical evidence remains observational, with few controlled
trials. This review aims to bridge the gap between preclinical findings and potential clinical applications, following
PRISMA-ScR guidelines. Searches included MEDLINE, Embase, Scopus, and Web of Science, focusing on preclinical in
vivo studies involving opioids and psychedelics in animals, excluding pain studies and those lacking control groups. Forty
studies met criteria, covering both classic and non-classic psychedelics. Most studies showed that 18-methoxycoronaridine
(18-MC), ibogaine, noribogaine, and ketamine could reduce opioid self-administration, alleviate withdrawal symptoms,
and change conditioned place preference. However, seven studies (two on 2,5-dimethoxy-4-methylamphetamine (DOM),
three on ibogaine, one on 18-MC, and one on ketamine) showed no improvement over controls. A methodological quality
assessment rated most of the studies as having unclear quality. Interestingly, most preclinical studies are limited to iboga
derivatives, which were effective, but these agents may have higher cardiovascular risk than other psychedelics under-
explored to date. This review strengthens support for translational studies testing psychedelics as potential innovative
targets for OUD. It also suggests clinical studies need to include a broader range of agents beyond iboga derivatives but
can also explore several ongoing questions in the field, such as the mechanism of action behind the potential therapeutic
effect, safety profiles, doses, and frequency of administrations needed.
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Introduction

Opioid use disorder (OUD), a public health problem of
increasing concern, has emerged as one of the most preva-
lent causes of overdose-related deaths among adults aged 25
to 64 [1, 2]. Although we count on approved medications for
the treatment of OUD, they have some limitations. These
include the presence of residual withdrawal symptoms,
high dropout rates from treatment, and high relapse rates
[3, 4]. Concerning the more prevalent use of high-potency
synthetic opioids like fentanyl, opioid overdose-associated
mortality increased from 68,630 individuals in 2020 to
80,411 in 2021 (CDC WONDER online database) [5]. In
response to the ongoing opioid crisis, the National Insti-
tutes of Health (NIH) is collaboratively launching a com-
prehensive initiative targeting three scientific domains. The
initiative aims to enhance overdose-reversal and prevention
interventions, discover innovative medications for OUD
treatment, and identify safe, nonaddictive interventions for
chronic pain management [6]. Thus, due to the burgeon-
ing morbidity and mortality rates associated with OUD, the
interest in and necessity of investigating alternative thera-
pies has become more salient [6, 7].

Psychedelic compounds have been studied as treat-
ments for various substance use disorders (SUDs) [8—11].
These compounds are classified based on their different
mechanisms of action and chemical structures. One group
is the “Classic” psychedelics, which includes mesca-
line, lysergic acid diethylamide (LSD), psilocybin, N,
N-dimethyltryptamine (DMT, in ayahuasca), 5-methoxy-
N, N-dimethyltryptamine (5-MeO-DMT), and 4-acetoxy-
dimethyltryptamine (4-AcO-DMT). These compounds act
as agonists of the serotonin (5-HT) 2 A receptors (SHT2A).
In contrast, “non-classic” psychedelics exert their effects
by interacting with different neurotransmitter receptor sys-
tems. This category includes iboga alkaloids, which are
compounds derived from the Tabernanthe iboga plant: ibo-
gaine, its derivative (noribogaine), and its synthetic analog
(18-Methoxycoronaridine (18-MC)) [12]. Other compounds
in this group are ketamine and 3,4-methylenedioxymetham-
phetamine (MDMA) [11, 13].

Classic psychedelics can be further classified by their
chemical structures into tryptamines (psilocybin, psilocin,
DMT, and 5-MeO-DMT), ergolines (LSD and D-lysergic
acid amide), and phenethylamines (2,5-Dimethoxy-4-iodo-
amphetamine (DOI), 2,5-Dimethoxy-4-methylamphetamine
(DOM), mescaline, 4-Bromo-2,5-dimethoxyphenethyl-
amine (2 C-B), and 4-lodo-2,5-dimethoxy-N-(2-methoxy-
benzyl)phenethylamine (25I-NBOMe)) [14]. Both classic
(LSD, 5-MeO-DMT, ayahuasca, mescaline, psilocybin)
and non-classic substances (ibogaine, ketamine, MDMA),
have been explored for the treatment of various SUDs with
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promising results [11, 13]. Classic psychedelics interact
with serotonin receptors, potentially impacting mood regu-
lation and cognitive processes [15]. Non-classic psychedel-
ics, with heterogencous mechanisms including dopamine
antagonism and N-methyl-D-aspartate (NMDA) agonism,
may reduce dopamine levels in animal studies, impacting
addiction’s reward systems [1, 8, 16—18]. They also interact
with the opioid system and serotonin receptors, suggesting
potential therapeutic roles in substance use disorders [16].
Detailed descriptions of the specific pharmacology of each
psychedelic compound are beyond the scope of this review.

The number of controlled clinical trials on psychedelics
for OUD is limited, as revealed in our review of clinical tri-
als (PROSPERO protocol CRD42023392307) [19]. Given
recent literature highlighting challenges in the design of
clinical trials for OUD (i.e., ethical concerns around having
aplacebo arm, challenges in blinding treatment groups, etc.)
[20], the emphasis on preclinical data becomes particularly
relevant. The absence of a viable placebo treatment analog
for psychedelics presents a significant hurdle for future clin-
ical trials [21]. Additionally, draft FDA guidance regarding
the design of psychedelic trials has raised concerns about
the lack of explicit reports of addiction to psychedelics in
existing studies, although recommendations for assessing
potential addiction of Schedule I compounds are outlined in
FDA draft guidance [22].

There are previous reviews exploring the preclinical lit-
erature on the use of psychedelics in the treatment of other
substance use disorders [23-25]. However, the available
literature is limited as it pertains to OUD. For instance,
only one previous narrative review examined preclini-
cal evidence on ibogaine/noribogaine [26]. In the current
manuscript, we aim to review a broader range of psyche-
delics. This is the first preclinical scoping review specific
to OUD, incorporating classic (DMT, DOI, and DOM) and
non-classic psychedelics (ibogaine, noribogaine, ketamine,
and 18-MC). We examine the effects of psychedelics across
several outcomes with translational potential, such as with-
drawal, self-administration, and conditioned place prefer-
ence (CPP) in animals with opioid dependence. In addition,
we systematically assess the methodological quality of all
the manuscripts reviewed.

Methods

This review adhered to the Preferred Reporting Items for
Systematic Reviews and Meta-Analysis extension for Scop-
ing Reviews (PRISMA-ScR) guidelines [27, 28]. A proto-
col was developed and pre-published, outlining the planned
search strategy, eligibility criteria, process for screening and
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10 or 20 mg/kg Single dose (R)-ketamine significantly attenuated the morphine-induced

(R)-ketamine

(s.c.)

12 days

Morphine (5 mg/kg

Ratsand 8 rats; 813 8 rats;

mice

M)

Witkin, 2020 NR

CPP

8—13 mice i.p. or 10 mg/kg s.c.)

mice

60 mg/kg (i.p.) Single dose Suppression of morphine CPP

Eight
days

Morphine (5 mg/kg)

(s.c.)

Rats 10
M)

NR

Zhai, 2008

Noribogaine

40 mg/kg (i.p.) Single dose For the first day, the intake of morphine decreased. Morphine

Two

Morphine (0.04 mg/

kg) (i.v.)

5-6

Rats (F) 5-6

Glick, 1996.1

response persisted for the second day, increased progres-

weeks

sively through the days until resume to the baseline on the

7th day intake
10-100 mg/kg  Single dose Some withdrawal signs were reduced up to 89% compared to

(p-0.)

Three

Morphine (25-75 mg/

11
kg) (s.c.)

27

Mice

Adult

Mash, 2016

the vehicle-treated mice with the maximum dose of 100 mg/
kg. At the same time, noribogaine did not demonstrate any
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Legend 18-MC, 18-methoxycoronaridine; 4-AcO-DMT, 4-Acetoxy-N, N-dimethyltryptamine; 5S-HT2A, 5-hydroxytryptamine (serotonine) 2 A receptors; CPP, conditioned place preference;

DOI, 2,5-dimethoxy-4-iodoamphetamine; DOM, 1-(2,5-dimethoxy-4-methylphenyl)-2-aminopropane; F, female; i.c., intracerebral; i.m., intramuscular; i.p., intraperitoneal; i.v., intravenous;

M, male; NR, not reported; norBNI, nor-binaltorphimine; p.o., per os (by mouth); SA, self-administration; s.c., subcutaneous. Note: * 6 (single i.p. injection of ketamine), 9 (repeated i.p. injec-

tion of ketamine), 9 (i.c. microinjection of ketamine), 13 (ketamine microinjection into NAc), 10 (ketamine microinjection into amygdala)

selecting studies, and data extraction. The protocol was reg-
istered on the Open Science Framework [29].

Information sources and search strategy

The following databases were searched to identify rel-
evant literature: Ovid MEDLINE, Embase (Ovid), Web
of Science (WoS), and Scopus. A medical subject heading
(MeSH) analysis of known key articles provided by the
research team was done, and scoping searches were per-
formed in each database with the assistance of a medical
librarian (MCF). An iterative process was used to translate
and refine the searches. The formal search used controlled
vocabulary terms and synonymous free-text words to maxi-
mize sensitivity. A search filter was used to identify animal
studies [30]. The search strategy was peer-reviewed by a
second librarian, not otherwise associated with the project,
using the PRESS standard [31]. A draft MEDLINE search
strategy is included in the supplementary material (Supple-
mentary Table S2). Reviewers checked included studies
for additional relevant citations and citing articles. Search
results were pooled in EndNote (www.endnote.com) and de-
duplicated using the Yale Reference Deduplicator (library.
medicine.yale.edu/reference-deduplicator). This set was
uploaded to Covidence (www.covidence.org) for screening.

Eligibility criteria

Only preclinical in vivo studies examining the impact of
psychedelics on opioid use outcomes in animals within
an opioid dependence model were included. The present
review excluded non-hallucinogenic psychedelics other
than 18-MC. This decision was based on their inability to
induce altered perception, which aligns with the definition
of a psychedelic [32]. However, 18-MC was included as
an exception due to its growing clinical applications and
the significant number of studies retrieved for this sub-
stance during pilot searches conducted prior to the formal
start of the present review. There were no restrictions on
animal type, language, region, or year of publication. Only
papers that examined a control group were included, with or
without blinding. The exclusion criteria were concomitant
use of other substances, studies such as those investigating
pain-related opioid use or cancer pain, case reports, and case
series.

Selection of sources of evidence and data charting

For study selection, two or more reviewers (APS, HNPO,
TPP, RK, CF) participated in the screening of papers. An
additional reviewer was consulted for studies where the
reviewers disagreed (GAA). The data was extracted to
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Table 1, with the following information: authors, year of
publication, sample size, opioid use regimen, psychedelic
type, psychedelic use regimen, and main findings.

Methodological quality assessment

Three authors (APS, HNPO and TPP) independently
assessed the methodological quality of the included studies
using the SYRCLE (Systematic Review Centre for Labora-
tory Animal Experimentation) tool [33]. The tool consists
of ten domains that analyze possible bias. The domains
are sequence generation, baseline characteristics, alloca-
tion concealment, random housing, performance blinding,
random outcome assessment, detection blinding, incom-
plete outcome data, selective outcome reporting, and other
sources of bias. Each domain was analyzed individually and
plotted on a graph. We did not provide an overall method-
ological quality for the studies, as the tool does not recom-
mend methods to judge studies in this fashion.

Results

Forty studies investigating psychedelics’ impact on opioid
use outcomes were included in the final analysis (Fig. 1),
encompassing the following psychedelics: ibogaine, noribo-
gaine, 18-MC, ketamine, DOM, 4-AcO-DMT, and DOI.No
eligible studies were found for some searched substances
(e.g., DMT, psilocybin, ayahuasca, and mescaline). An evi-
dence atlas was produced (Fig. 2) to display the countries
where the included studies were carried out using the Map-
Chart [34].

Methodological quality assessment

The result of the methodological quality assessment can be
found in Fig. 3. All the studies were considered to have an
unclear explanation of the sequence generation domain, as
none mentioned how the animals were placed in their boxes/
cages. Likewise, the random housing domain was unclear
because of the lack of explanations regarding box placement
in the rooms. All the studies were also unclear for the other

Identification of studies via databases and registers

4 N
8 Records identified through databases Duplicates removed
g @ =050 d (a = 4047)
o (Medline = 1797; Embase = 3391;
Sg Web of Science = 1104; A /
Y Scopus = 3212)
= N
= p / Records excluded, with reasons
v (n = 5377)
e N Clinical studies
Records after duplicates removed Ineligible study designs
&0 (n = 5457) No opioid dependence
g X Y \ /
: !
(3}
3 ( . ) / Full-text articles excluded, with reasons \
2 Full-text articles accessed for eligibility N (a = 40)
(te =80} No psychedelic use (15)
No full text available (7)
No opioid use outcome (15)
Clinical study (1)
_8 \ Review (2) /
=)
=
§ Studies included in synthesis (n = 40)
ibogaine (n = 15), noribogaine (n = 2), 18-MC (n = 8),
ketamine (n = 11), DOM (n = 2), 4-AcO-DMT (n = 1), DOI (n = 1).

Fig. 1 Flow diagram showing inclusion and exclusion strategy
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[l United States (n = 21)

[[] Canada (n=4)

. China (n = 3) and the Netherlands (n = 3)

[l Japan (n=2)

[ Australia (n = 1), Belgium (n = 1), Brazil (n = 1), Chile
(n=1), France (n=1), Iran (n = 1), Turkey (n = 1)

Created with mapchart.net

Fig. 2 Evidence atlas showing the distribution of the included preclinical trials
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Fig. 3 Methodological quality assessment of the included studies

sources of bias, mainly due to the lack of clarity around
animal replacement due to dropouts and animal caging.
Another critical issue, judged unclear for all studies, was the
allocation concealment, as most did not mention animal ran-
domization to treatment/control groups. Few studies, even
though mentioning randomization, did not explain how it
was performed, maintaining the unclear entry. For the base-
line characteristics, we only considered low-risk bias stud-
ies that specifically described at least animal type, sex, and

@ Springer

50% 75% 100%

age [9, 35-47]. The others were considered unclear due to
the possible heterogeneity of animals included. Investiga-
tor blinding was performed only in one study [10], while
detection blinding was performed in 12 of them [10, 38, 47—
56]. As for incomplete outcome data, some studies showed
inconsistencies in the number of animals analyzed, or ani-
mals initially included, sometimes not providing an exact
number of animals analyzed, which we judged as unclear
risk of bias [9, 10, 3642, 44, 46, 47, 50, 51, 53, 55-65]. As
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for selective outcome reporting, all studies were considered
to have low risk of bias, as they all reported results for the
outcomes they aimed to measure.

Psychedelics’impact on opioids

The studies included in the analysis spanned the period
from 1988 to 2023. The number of studies pertaining to
each respective psychedelic compound were as follows:
ibogaine (n=15), noribogaine (n=2), 18-MC (n=38), ket-
amine (n=11), DOM (n=2), 4-AcO-DMT (n=1), and
DOI (n=1). Study characteristics, encompassing the first
author’s last name, specific psychedelic utilized, dosage and
administration schedule, and main findings, are detailed in
Table 1. Moreover, our findings are summarized in a sche-
matic way in Fig. 4.

Classic Psychedelics
Tryptamines
4-AcO-DMT

Conditioned place preference/aversion Place preference
tests are commonly used in preclinical studies to assess
the rewarding or aversive properties of substances [8, 66].
These tests involve conditioning animals to associate spe-
cific environments with the effects of a drug or treatment
[65, 66]. Place preference indicates a preference for the
environment associated with the drug’s rewarding effects,
while place aversion indicates avoidance of an environment
associated with aversive effects.

A study examined the impact of 4-AcO-DMT on male
Wistar rats to determine its effectiveness in blocking both
the conditioned aversive response to opiate withdrawal and

Number of studies and findings for each opioid by psychedelic

18-MC

8 (7)

4-AcO-DMT - 1(1)
DOI - 0 (0)
DOM - 0 (0)

Psychedelic Used

Ibogaine 14 (11)

11 (10)

Ketamine

Noribogaine -

&
&

>

0 (0) 0 (0)
1(1) 0 (0)
0(0) 1(1)
]
$
2
V5]
1(0) 1(0) 5
o}
Q
£
=]
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(L) 0 (0)
0 (0) 0 (0)
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& .@‘S
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Fig.4 Schematic summarization of the results in a heatmap. The heat-
map displays the number of preclinical studies conducted for each
psychedelic-opioid combination. Each cell contains two numbers: the

first number represents the total number of studies, and the number in
parentheses indicates the number of studies that reported positive find-
ings with psychedelic agent in the paradigm/OUD outcome
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the development of CPP [65]. Researchers induced opioid
dependence by administering heroin (0.5 mg/kg, subcutane-
ously) to the rats over a five-day period. Prior to condition-
ing sessions, the rats received a single dose of 4-AcO-DMT
(4 mg/kg, intraperitoneal) or a vehicle. In the first experi-
ment, researchers aimed to assess whether 4-AcO-DMT
could block the development of preference for the envi-
ronment paired with morphine. The conditioning involved
morphine administration (3 mg/kg, intraperitoneal) in one
environment and no treatment in another, over 4-8 days
with sessions lasting 40 min each. Results indicated that
4-AcO-DMT, administered before morphine exposure, pre-
vented CPP for the motivational effects of morphine, com-
pared to the control group. The second experiment focused
on the motivational aspects of naloxone-precipitated and
spontaneous opioid withdrawal. The study setup was simi-
lar to the first experiment, with the main difference being
the testing of 4-AcO-DMT’s capacity to decrease the aver-
sion for the environment paired with naloxone induced
withdrawal or the environment paired with spontaneous
withdrawal. In this case, 4-AcO-DMT did not prevent the
development of conditioned place aversions due to nalox-
one but did have an effect on spontaneous withdrawal [65].
The data from these experiments demonstrate the potential
of 4-AcO-DMT in modulating the rewarding and aversive
effects associated with opioid administration or opioid with-
drawal, respectively.

Phenethylamines
DOl

Self-administration/opioid use The preclinical self-admin-
istration model evaluates how animals voluntarily admin-
ister drugs by performing specific actions, like pressing a
lever, to receive drug doses [18, 37]. This method helps with
the understanding of the addictive properties of substances
and test potential treatments for addiction, by measuring
factors like dose-response and drug-seeking behavior [45].

Only one in vivo study examined DOI’s effect on the
reduction of opioid self-administration. A group of 8-weeks-
old male Sprague-Dawley rats was exposed to multiple ses-
sions of intravenous (IV) fentanyl self-administration. After
the completion of the training phase, the rats entered the
testing phase, in which they received ascending intraperi-
toneal doses of DOI (0.1, 0.2, and 0.4 mg/kg) on different
days, at least two days apart, 30 min before subsequent fen-
tanyl self-administration sessions. The results demonstrated
that the overall consumption of fentanyl decreased approxi-
mately 1.5 times after the 0.4 mg/kg administration of DOI
[45].
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DOM

Self-administration/opioid use Two papers evaluated the
use of DOM, a 5-HT2A agonist, on opioid self-administra-
tion in rhesus monkeys. The research aimed to explore the
influence of DOM on the abuse liability of opioids. In the
first study, varying doses of DOM (0.1-0.32 mg/kg) were
administered intravenously to monkeys before sessions
involving heroin administration. The results indicated that
DOM did not alter heroin self-administration behaviors
in these animals [67]. The subsequent study expanded the
range of DOM doses tested (0.032, 0.1, and 0.32 mg/kg) and
switched the opioid to fentanyl. Similar to the heroin study,
DOM did not decrease fentanyl self-administration. Addi-
tionally, when given a choice between food and fentanyl,
the presence of DOM did not shift preference towards food
[18]. These preclinical findings suggest that DOM, despite
its interaction with the 5-HT2A receptors, does not reduce
opioid self-administration in non-human primates, indicat-
ing that it may not be effective as a treatment for opioid
dependence in humans based on these models.

Non-classic psychedelics
Ibogaine

Self-administration/opioid use In the preclinical trials eval-
uating ibogaine’s impact on opioid self-administration, the
doses administered ranged from 2.5 to 80 mg/kg, mostly
given intraperitoneally [9, 37, 41, 53, 57]. The five stud-
ies found that the number of self-administered infusions
per hour was effectively reduced [9, 37, 41, 53, 57]. The
studies evaluated self-administration after using ibogaine in
Sprague-Dawley, Long-Evans, and Fisher 344 rats [9, 37,
41, 53, 57].

One study with Sprague-Dawley rats demonstrated that
ibogaine administration led to a dose-dependent reduc-
tion in morphine self-administration, with robust effects
observed at doses greater than 10 mg/kg. Interestingly, these
effects were specific to opioid self-administration and were
not observed in water self-administration sessions [37]. In
another study, various iboga alkaloids were tested in rats, all
of which showed a dose-related decrease in morphine self-
administration. The compounds exhibited important results,
with duration of the reduced self-administration effect being
variable among subjects from days to weeks, but whole
body tremor not lasting for more than 4 h, contradicting the
theory that motor inhibition alone accounted for the reduc-
tion in drug self-administration [9]. Additionally, co-admin-
istration of ibogaine with a kappa opioid receptor antagonist
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(nor-binaltorphimine, norBNI) and/or a NMDA agonist
(N-methyl-D-aspartic acid, NMDA) resulted in a significant
inhibition of the ibogaine-induced reduction in morphine
self-administration, suggesting a modulatory effect of these
receptors [41]. Further investigations compared different
iboga alkaloids in Sprague-Dawley and Long-Evans rats,
revealing reductions in morphine self-administration for up
to two days after ibogaine administration [42]. Finally, in
Fisher 344 rats, both 40 and 80 mg/kg doses of ibogaine
completely suppressed heroin self-administration for at least
one day, with the higher dose showing prolonged effects in
some cases [57]. These preclinical findings suggest that ibo-
gaine and its derivatives hold promise as potential agents
decreasing opioid self-administration.

Withdrawal In preclinical withdrawal models, animals are
exposed to a drug for a period of time to induce dependence,
then the drug is removed abruptly to simulate withdrawal,
or in other studies withdrawal may be triggered by adminis-
tering drugs such as naloxone [10, 38, 48, 49, 63]. Ibogaine
has been explored for its potential to alleviate withdrawal
symptoms, employing various administration routes. Motor
activity, often examined as a withdrawal sign, generally
shows improvement [38]. While most studies report posi-
tive effects on withdrawal signs [38, 48, 49, 63], there are
exceptions [10]. For instance, in Sprague-Dawley rats, ibo-
gaine administration led to a dose-dependent reduction in
specific withdrawal manifestations, such as rearing, dig-
ging, and teeth chattering [36]. Another study noted reduc-
tions in teeth chattering, penile licking, and diarrhea [48,
49]. Additionally, ibogaine administration in mice showed
inhibition of naloxone-induced jumping [63]. However, not
all studies found substantial benefits; some reported mini-
mal impact on symptoms like grooming and paw shaking
[54]. Overall, ibogaine has demonstrated effectiveness in
alleviating various withdrawal signs. Nonetheless, it para-
doxically increased naloxone-induced jumping in one study,
suggesting it may not mitigate all opioid withdrawal symp-
toms effectively [10].

Conditioned place preference/aversion Three studies
investigated the effects of ibogaine on place preference
and aversion in Sprague Dawley rats, using intraperitoneal
doses ranging from 40 to 80 mg/kg [8, 52, 68]. In the initial
study, ibogaine pre-treatment inhibited CPP induced by a
single morphine administration, but this effect diminished
after repeated exposures [8]. Subsequent research by the
same authors, using an opioid-dependent model, showed no
significant impact of ibogaine on established morphine CPP
[68]. In another experiment, ibogaine administration sig-
nificantly reduced naloxone-induced place aversion. These

results indicate potential for ibogaine in mitigating the early
on rewarding effects of single exposure to morphine as well
as the potential to mitigate aversive effects associated with
opioid withdrawal [52].

Noribogaine
Self-administration/opioid use

One study examined the efficacy of noribogaine in reduc-
ing morphine self-administration. Sprague-Dawley rats
were trained for self-administration of morphine (0.04 mg/
kg per response) or water for approximately 2 weeks until
they reached a stable dose of self-administration per day. On
the test days, they were administered a single intraperitoneal
dose of 40 mg/kg of noribogaine or saline. These doses were
administered 15 min before the self-administration test ses-
sions. Results indicated that ibogaine significantly reduced
morphine self-administration in the first two days, with a
subsequent increase over the next five days until returning to
baseline infusion levels by the seventh day [39]. The study
also explored noribogaine’s effect on morphine-induced
locomotor stimulation. In this experiment, rats received
either noribogaine or saline, and then they received a dose
of morphine 19 h after (single dose of 5 mg/kg, i.p). Imme-
diately after the morphine dose, the animals were placed in
the testing cage for three hours. The results showed a sig-
nificant reduction in locomotor activity during the first hour
[39].

Withdrawal

One study conducted two experiments to assess the potential
effects of noribogaine on naloxone-precipitated withdrawal
and explored noribogaine CPP [46]. Morphine (25-75 mg/
kg) was administered subcutaneously three times daily for
three consecutive days, with increasing doses each day. On
the fourth day, an additional dose was given before testing.
Two hours after the last morphine dose, mice in the nori-
bogaine treatment groups received intragastric doses of
noribogaine. Control mice received vehicle via oral gavage.
Four groups of mice were treated with varying doses of
noribogaine (10, 30, 56, and 100 mg/kg), while a fifth group
served as a vehicle control. Two hours after noribogaine or
vehicle administration, all mice were injected with naloxone
and observed four signs of precipitated opiate withdrawal
for 30 min (jumping, paw tremors, body tremors and diar-
rhea) [46]. The results showed an inhibition in the jumping
and paw tremors. The 16 mg mg/kg dose reduced by 50%
both signs. The 100 mg/kg dose inhibited jumping by 75%
and paw tremors by 65%. Body tremors were reduced by
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50% with a 30 mg/kg dose and 80% with a 100 mg dose.
The diarrhea was not significantly reduced with either of the
doses. The 56 mg/kg only significantly reduced the jump-
ing, and the 10 mg/kg dose did not significantly reduce any
withdrawal sign. The most effective doses were 30 mg/kg,
showing a total decrease of withdrawal signs by 74%, and
100 mg/kg, demonstrating a total reduction of 89% [46].

Conditioned place preference/aversion

Noribogaine CPP was assessed using standard three-com-
partment straight alleyway boxes. Animals underwent
habituation sessions followed by a determination of cham-
ber preference. Rats were then randomized into groups and
received oral doses of noribogaine (10, 30, and 100 mg/kg)
or vehicle, with compartments paired accordingly. Condi-
tioning and testing occurred over multiple sessions, evalu-
ating preference for noribogaine-paired chambers versus
vehicle-paired chambers. Results showed no significant
alteration in rats’ preference scores, even at test doses of up
to 100 mg/kg [46].

18-Methoxycoronaridine (18-MC)
Self-administration/opioid use

Six studies investigated the efficacy of 18-MC in reduc-
ing opioid self-administration, utilizing Long Evans and
Sprague-Dawley rats and administering doses ranging
from 1 to 40 mg/kg, with administration routes including
intraperitoneal [40, 50, 59], oral [61, 64], and intracere-
bral [50, 60]. The studies employed similar methodologies,
inducing opioid dependence through intravenous morphine
self-administration for approximately two weeks before
administering 18-MC. In most cases, 18-MC significantly
reduced morphine self-administration compared to control.
Notably, one study found that the lowest dose of 18-MC
(1-2 mg/kg) was effective only when co-administered with
mecamylamine (nonspecific nicotinic antagonist) [59].
Additional investigations revealed a dose-dependent reduc-
tion in morphine self-administration, with effects lasting for
up to two weeks [40, 50, 61]. Furthermore, the combined
administration of 18-MC with mecamylamine significantly
decreased the number of infusions, highlighting the poten-
tial synergistic effects of these compounds [59]. Overall,
these findings suggest that 18-MC holds promise as a poten-
tial treatment for reducing opioid self-administration in pre-
clinical models.
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Withdrawal

Two preclinical studies investigated the effects of 18-MC
on withdrawal signs of morphine-dependent rats. The first
study used increasing doses of morphine (20-80 mg/kg,
s.c.) for seven days to generate dependence. The psyche-
delic treatment targeted specific brain regions, namely the
medial habenula, interpeduncular nucleus, and locus coeru-
leus, administering varying doses of 18-MC (5 ug to 20 pg)
followed by naltrexone [51]. Results indicated that, com-
pared to the control groups, 18-MC administered into the
locus coeruleus significantly reduced specific withdrawal
signs, including wet-dog shakes, teeth chattering, burying,
and diarrhea (4 of 7 signs). Administration into the medial
habenula also significantly attenuated teeth chattering,
burying, and weight loss (3 of 7 signs) compared to control
groups, while interpeduncular nucleus administration sig-
nificantly ameliorated rearing, teeth chattering, and burying
(3 of 7 signs). Notably, some doses (10 and 20 pg) of medial
habenula and interpeduncular nucleus administration exac-
erbated diarrhea and teeth chattering [51].

The second study, using the same morphine schedule to
induce dependence, administered a single intraperitoneal
dose of 18-MC (10, 20, or 40 mg/kg, intraperitoneally) to
Sprague-Dawley rats, evaluating its impact on withdrawal
signs precipitated by naltrexone. They found that the higher
doses (20 and 40 mg/kg) of 18-MC attenuated various with-
drawal signs, including diarrhea, burying, teeth chattering,
wet-dog shakes, and weight loss (5 of 7 signs) [51, 53].

Ketamine
Withdrawal

Seven studies explored ketamine’s effectiveness in reducing
opioid withdrawal symptoms using doses from 2 to 50 mg/
kg, administered intraperitoneally and subcutaneously to
various animal species such as Swiss Webster mice, Wistar
rats, and Sprague-Dawley rats [35, 43, 44, 56, 62, 69, 70].
Most studies reported a decrease in withdrawal symptoms
following ketamine treatment [43, 69, 70]. In a study con-
ducted with male albino Swiss Webster mice, ketamine was
tested by administering it either before or after morphine.
The administration attenuated tolerance, physical depen-
dence on morphine, and withdrawal behavior, mainly when
administered before morphine [43]. Similarly, in male Wis-
tar rats made morphine-dependent, ketamine administration
significantly reduced global withdrawal compared to saline
controls [70]. Additionally, ketamine alleviated naloxone-
precipitated withdrawal signs in morphine-dependent rats,
with dose-dependent effects observed [44, 56, 69]. Similarly,
ketamine administration in guinea pigs reduced locomotor
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activity and other behaviors associated with morphine with-
drawal [35]. However, one study with rats receiving mor-
phine for five days followed by ketamine administration
did not demonstrate positive effects and even showed more
intense naloxone-precipitated withdrawal [62]. Most of the
findings suggest a potential role for ketamine in mitigating
opioid withdrawal.

Conditioned place preference/aversion Five studies inves-
tigated the effects of ketamine on opioid-induced place pref-
erence/aversion, utilizing doses ranging from 10 to 60 mg/
kg administered intraperitoneally [55, 56, 58, 71, 72]. These
studies involved C57BL/6J mice, ddY mice (Deutschland,
Denken, and Yoken), and Sprague-Dawley rats and consis-
tently demonstrated a reduction in morphine-induced CPP.
For instance, in male C57BL/6J mice exposed to morphine,
ketamine administration significantly reduced morphine-
induced CPP [71]. Similarly, pre-treatment with ketamine
suppressed morphine CPP in male ddY mice [55]. In male
Sprague-Dawley rats, a single infusion of ketamine effec-
tively suppressed morphine CPP [72]. Moreover, in male
Kunming mice receiving morphine, ketamine inhibited
morphine-induced CPP but also induced a significant place
preference on its own [58]. Another study with male ddY
mice revealed that ketamine attenuated morphine-induced
place preference regardless of the dose administered,
although ketamine alone did not induce CPP when admin-
istered with a vehicle [56]. These findings collectively sug-
gest that ketamine may interfere with the rewarding effects
of opioids, offering potential therapeutic implications for
opioid use disorder. However, there is a cautionary note as
ketamine might exhibit addictive potential.

Discussion

This scoping review explores the utilization of psychedelics
in treating opioid dependence in preclinical models, encom-
passing a vast literature (i.e., ranging from studies as early
as 1988 to 2023), and systematically examining their impact
on opioid-related outcomes and behaviors. We appraised
and reviewed manuscripts reporting on distinct opioid use
outcomes after the administration of different psychedelics,
their mechanism of action, the routes, and doses adminis-
tered, the potential for clinical translation, as well as dif-
ferent animal types, ages, and sexes. Among the preclinical
trials, ibogaine is the most extensively studied compound,
followed by ketamine. Limited evidence is available for
studies assessing classic psychedelics, such as mescaline,
LSD, psilocybin, DMT, or ayahuasca. The studies included
in this review evaluated various behavioral models, such

as self-administration, withdrawal signs, and place prefer-
ence/aversion. In most cases, efficacy was demonstrated by
a reduction in opioid self-administration, diminished with-
drawal signs, and decreased opioid-induced CPP, achieved
through the use of psychedelics. Three groups did more
than one study of the same psychedelic: Glick et al., Cap-
pendijk et al., and Parker et al. However, the positive results
were corroborated by other groups. Glick et al. evaluated
the 18-MC effect on opioid-self administration [39, 50, 60];
this was corroborated by King et al. [61]. Glick et al. also
evaluated the effect of ibogaine on opioid-self administra-
tion [9, 37, 41, 42], and this was corroborated by Dworkin
et al. [57]. Cappendijk et al. and Parker et al. evaluated the
effect of ibogaine on withdrawal signs [48, 49, 66], which
was corroborated by Leal et al. [63].

Mechanism of action

In this review, much of the preclinical evidence stems from
studies on non-classic psychedelics, which operate through
diverse mechanisms beyond agonism of the serotonin
5-HT2A receptors. These mechanisms include antagonism
of dopamine and NMDA receptors, agonism of serotonin
5-HT2C receptors, and interactions with k¥ and p opioid
receptors, among others [1, 16]. Studies on animals have
demonstrated that derivatives of the iboga plant can decrease
dopamine levels in the nucleus accumbens and striatum [9,
39, 64]. These psychedelics act through various mecha-
nisms that can directly or indirectly influence the dopami-
nergic system. For example, a preclinical model evidenced
that the activation of NMDA glutamatergic receptors could
activate dopamine neurons [73]. Ibogaine, for instance, has
shown potential as an NMDA antagonist. Reflecting this,
its efficacy was hindered by co-administration of an NMDA
receptor agonist [42] but enhanced by co-administration of
an NMDA receptor antagonist (MK-801) [63]. This may
elucidate the aforementioned reduction in dopamine lev-
els. This mechanism is also shared with ketamine and is
proposed to underlie the psychomimetic effects [74, 75].
Both the glutamatergic and dopamine circuits have strong
connections with reward systems implicated in addiction
[76-78]. However, it remains uncertain whether the effi-
cacy of psychedelics in treating OUD is attributable to one
or several of these mechanisms. Some of these non-classic
psychedelics, like ketamine, have several proposed mecha-
nisms beyond the above [79]. Perhaps the most explored
mechanisms of action are those pertaining to glutamate sys-
tems, including the increase in glutamate levels by activat-
ing AMPA receptors and the blockage of NMDA [80, 81]. It
has been proposed that the elevation in glutamate levels cir-
cuitry of the corticolimbic system, which is associated with
drug-seceking behavior, reward mechanisms, and chronic
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pain [82]. In addiction, cellular adaptations in anterior cin-
gulate and orbitofrontal glutamatergic projections to the
nucleus accumbens result in pathophysiological plasticity
in excitatory transmission. This reduces the capacity of the
prefrontal cortex to respond to natural rewards and provide
executive control over drug-seeking, while simultaneously
increasing glutamatergic response to drug-related stimuli.
These changes are particularly relevant in OUD [83, 84].

Furthermore, there are also studies on the interaction
of psychedelic agents with the opioid system. A study that
implemented molecular simulations (e.g. G-protein recruit-
ment essays) found an association between the p and k opi-
oid receptors and ketamine [1]. In this study, the effect of
ketamine was attenuated by the administration of naltrex-
one, an opioid antagonist that acts on the same receptors
[1]. An additional example is how, in electrophysiological
preclinical models, p opioid receptors locally interact with
5-HT2A receptors in the prefrontal cortex when psychedelic
agents are administered [85]. This is in fact an effect that is
believed to be responsible for the hallucinogenic properties
of the psychedelics [85, 86].

On the other hand, classic psychedelics do not have as
wide a mechanism of action as non-classic psychedelics
but can also interact with other serotonin receptors, such
as 5-HT2B and 5-HT2C [15, 87]. Moreover, certain psy-
chedelics may also affect serotonin receptors like 5-HT1,
5-HT6, and 5-HT7 [88, 89]. These receptors are involved in
various brain functions, including mood regulation and cog-
nitive processes, which could benefit OUD treatment [88].

When considering addiction treatment, the targeting
of different serotonin receptors becomes significant. For
instance, activating 5-HT2C receptors could also indirectly
modify dopamine activity and release [90]. By modulating
dopamine levels, drugs that interact with 5-HT2C receptors
could potentially help in managing addiction by reducing
cravings and withdrawal symptoms [91, 92].

Finally, psychedelics not only interact with serotoniner-
gic systems but also alter synaptic density markers [56, 93],
such as PSD-95, synapsin-1, synaptophysin-1, synaptotag-
min-1, and SV2A. Previous preclinical and clinical work on
ketamine has demonstrated its capacity to increase synaptic
markers [56, 93-95]. However, there are mixed findings
regarding synaptic changes when ketamine was adminis-
tered under basal conditions [93]. In preclinical models,
during stressful conditions, it was found that ketamine
counteracted stress-related reductions in synaptic markers
[93]. Synaptogenic effects of psychedelics is of potential
clinical relevance as several preclinical studies have dem-
onstrated alterations in spine density (i.e., lower) associated
with exposure to opioids [96-99]. While the demonstra-
tion of the direct effects of psychedelics on spine density
in humans with OUD and their clinical implications remain
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to be fully elucidated, it is plausible that this effect could be
another potential mechanism of action.

Routes of administration and doses

The choice of the route of administration of drugs is an
essential aspect in preclinical studies, as some routes could
facilitate or hinder clinical translation more than others. For
instance, one of the side effects observed in some rodents
with ibogaine administration is marked tremor. This side
effect was not observed after intracerebroventricular admin-
istration but was present after subcutaneous administration
[36]. In some studies, subcutaneous doses of ibogaine were
not as effective as other routes of administration, such as
intraperitoneal [54]. On the other hand, examination of the
efficacy of agents such as ketamine showed that systemic
administration using such as subcutaneous [35, 43] or intra-
muscular [35, 43, 70] routes, did reduce withdrawal signs,
CPP, and opioid use.

Determining the dose for each route of administration
is essential. Higher doses of ibogaine and ketamine con-
sistently reduced morphine self-administration (e.g., with
doses ranging from 2.5 to 80 mg/kg of ibogaine adminis-
tered intraperitoneally) [37] and attenuated withdrawal
signs (e.g., with doses ranging from 25 to 75 mg/kg of ket-
amine administered intraperitoneally) [69]. For example, in
a study with ibogaine, a dose-related improvement in with-
drawal signs was reported for intracerebral administration
of doses of 4, 8, and 16 pg [36]. A similar example is ket-
amine study showing dose-related reduction in withdrawal
signs after intraperitoneal administration [44, 69].

In addition to the dose per administration, preclini-
cal literature emphasizes the importance of the number of
administrations. For instance, administering multiple doses
of ibogaine was found to be helpful in animals that did not
initially reduce opioid self-administration with a single dose
[37]. Similar findings were observed for ketamine, where
repeated intraperitoneal ketamine displayed benefits in
withdrawal signs [44].

Given the diverse routes of administration and dosing
ranges used across species, access to plasma drug levels can
provide valuable information. Three studies have explored
this outcome. Maisonneuve et al. (2003) investigated the
distribution of 18-MC in plasma following its intravenous
administration, revealing that the drug exhibited a terminal
half-life exceeding 100 min [50]. The authors suggest that
18-MC may undergo rapid metabolism, likely with a sig-
nificant first-pass effect, while its prolonged action could
be due to accumulation in fat (acting as a natural storage
depot). In this case, the drug stored in fat would serve as a
reservoir, gradually converting to its active form over time
[50]. Mash et al. (2016) reported a dose-dependent increase
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in noribogaine plasma levels, with a consistent linear rela-
tionship between concentrations in both blood and brain,
achieving a relative equilibrium in the brain at oral doses
above 10 mg/kg [46]. Finally, Witkin et al. (2020) measured
plasma levels of morphine and (R)-ketamine. The authors
demonstrated that (R)-ketamine (10 and 20 mg/kg) did not
significantly alter morphine plasma levels, indicating that
its effects on morphine withdrawal were independent of any
impact on morphine pharmacokinetics [56].

Translation to clinical practice

Our group conducted a previous review that evaluated the
clinical evidence on the use of psychedelics for the treat-
ment of opioid use disorder [19]. The clinical evidence is
still scarce compared to the preclinical data. The psychedel-
ics evaluated in our clinical review were ibogaine (n=10),
noribogaine (n=2), ketamine (n=2), LSD (n=1), and aya-
huasca (n=1). The studies revealed, in general, beneficial
effects of psychedelics for the treatment of OUD. However,
most clinical studies have a high risk of bias due to a lack of
placebo arms and, as a result, no blinding and randomiza-
tion [100].

When appraising the preclinical literature compared to
the clinical one, we identified that the use of 18-MC has
not been evaluated in humans. There are also significant dif-
ferences in the interventions done in animals, which carry
different limitations to the clinical application. For instance,
the doses used per kilogram are much lower in humans vs.
preclinical studies. The maximum doses used of ibogaine in
humans were between 20 and 30 mg/kg [101, 102], while
in preclinical studies it was 80 mg/kg [37, 38, 57]. For
ketamine, the maximum dose used in humans was 2 mg/
kg [103—-109], while in animals, it was 75 mg/kg [69]. In
clinical studies, the routes of administration were primarily
oral [104—109] and intramuscular in the case of ketamine,
while for preclinical studies is intraperitoneal [103, 110].
These differences in routes are important as beyond inherent
differences between species, the pharmacokinetics would
change between routes.

Ensuring safe and effective drug dosing is important,
regardless of its intended use. There are situations in which
the appropriate initial dose of a drug is yet to be defined
or has not been thoroughly tested and validated for a spe-
cific species. Consequently, selecting the starting dose
for research, experiments, or clinical trials in animals and
humans becomes a concern [111]. Allometric scaling is a
useful concept for comparing doses from preclinical stud-
ies to clinical investigations [112]. This approach involves
adjusting drug doses based on body surface area to accom-
modate potential variations in anatomical, physiological,
and biochemical factors across species [111, 113, 114].

Doses can be normalized by considering differences in
pharmacokinetics and physiological time among species.
For instance, for the higher doses found in the preclinical
studies discussed here, the equivalent for humans would be
substantially smaller [112].

Differences in opioid outcomes examined in
preclinical models

Among these preclinical trials, three different methods
were used to evaluate the efficacy of psychedelic treatment
in opioid dependence in animals: the self-administration
of opioids, mostly intravenously, the opioid-conditioned
place preference/aversion, and the resolution of withdrawal
symptoms, in most cases, naloxone induced. Each of these
methods presents advantages and is well-known in studies
of drugs with the potential for abuse. Firstly, the self-admin-
istration paradigm is considered the most direct correla-
tion with human addictive behavior [115]. Conversely, the
CPP most specifically measures the association between a
stimulus and its reward, providing important insight into
drug-induced craving and relapse and how these param-
eters change with potential treatments [47]. Lastly, study-
ing withdrawal symptoms is an important tool to investigate
better pathways that could be used as targets for treating
substance use disorders [116]. Opioid withdrawal has been
categorized as a state with marked hyperalgesia, increased
sensitivity to pain, and hyperkatifeia, which is an increased
sensitivity to negative emotional states [117]. This, added
to other somatic signs and symptoms of withdrawal (e.g.,
changes in body temperature, insomnia, lacrimation, gastro-
intestinal symptoms, anhedonia) [118—121], leads to drug-
seeking behavior to avoid this negative reinforcement [118,
119]. Therefore, treating these symptoms becomes essential
to prevent drug-seeking.

Differences regarding animal species

The animal species chosen for conducting preclinical stud-
ies are essential in finding the one that is more proximate
to the human brain. Rodents present significant genetic
homology with humans [122, 123]. They are broadly used
due to their cost-efficiency and short reproductive cycle,
allowing multiple and faster comparisons [124]. However,
their simpler brain structures are less ideal for behavioral
comparisons with humans, which limits their translatabil-
ity [125]. On the other hand, non-human primate brains are
more structurally and functionally comparable, representing
an essential model for behavioral research [126]. However,
these models have been increasingly avoided due to ethical
considerations [127], their longer lifespan, and more com-
plex care requirements [128, 129]. In this review, only two
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studies analyzed rhesus monkeys, investigating DOM [18,
67], in which no significant results were found compared
to control groups for the studied outcomes. All the other
included studies analyzed rodents of different types: Wister
rats, Sprague-Dawley rats, CDF1 Mice, Fisher 344 rats, and
Swiss Webster mice, while one investigated the Guinea pigs
[35].

Differences between sexes

Furthermore, there is lack of exploration of the interplay
between substance effects and biological sex in the con-
text of SUD-related outcomes. Studies have indicated that
males and females may exhibit distinct mechanisms of drug
metabolism due to hormonal variations [130] and differing
rates of drug elimination [131]. There are well-described
differences in addiction between males and females. For
instance, the Telescoping effect exposes the progression
from the initial use of substances to the dependence phase,
which is thought to be faster in women than in men for dif-
ferent substances, including opioids [132].

The studies included in this review did not specifically
assess sex differences, thus further investigations is war-
ranted. As for the results reported here, there were no robust
differences to note. For instance, two studies evaluated
opioid self-administration following multiple intraperito-
neal injections of ibogaine at identical doses, one involving
female rats [42] and the other male rats [57], both demon-
strating significant reductions in opioid self-administration
under the specified conditions.

Mystical and psychological effects of psychedelics

The question of whether the psychogenic and subjective/
hallucinogenic effects of psychedelics are necessary for their
therapeutic effectiveness is a nuanced and central inquiry
in psychedelic research [133]. While the psychedelic expe-
rience is characterized by profound alterations in percep-
tion, cognition, and consciousness, recent studies suggest
that the therapeutic benefits may not be solely contingent
on the intensity of these effects [134]. Some researchers
propose that specific neurobiological mechanisms triggered
by psychedelics, irrespective of the intensity of the psycho-
genic experience, underlie their therapeutic potential [134].
There is an alternative perspective, however, claiming that
for psychedelics to exert an enduring effect, the subjec-
tive effects play a significant role, hence being necessary
for their therapeutic effects [133]. For example, studies
exploring alcohol or tobacco abstainers revealed persistent
effects of psilocybin-facilitated treatment that extended well
beyond the acute drug action [135, 136]. The findings indi-
cated that greater mystical-type effects and more positive
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attributions regarding psilocybin sessions were associated
with increased success in decreases in heavy drinking days
or smoking cessation [135, 136]. Furthermore, ongoing
investigations explore the possibility of developing non-
hallucinogenic psychedelic analogs that retain therapeutic
efficacy, shedding light on the ongoing question between
psychogenic effects and therapeutic outcomes [137, 138].
Unraveling this intricate relationship is crucial for refining
therapeutic approaches, maximizing the benefits of psyche-
delic-assisted treatments, and anticipating logistics around
potential future implementation in the clinic. However, this
is a debate that cannot be resolved in preclinical models.

Adverse events

The evidence found on psychedelic safety and tolerability
is mainly on ketamine and ibogaine. The most consistent
adverse effect associated with ketamine is dissociative
effects [139, 140]. Past reviews in the use of ketamine for
the treatment of depression have shown low rates of severe
adverse effects; the main symptoms observed were psycho-
mimetic, increase in blood pressure and heart rate, head-
ache, muscle pain, and lower urinary symptoms [140, 141].

On the other hand, ibogaine’s effect on cardiac physi-
ology has been described, mainly causing a prolongation
of QT. While clinical studies have predominantly demon-
strated benefits in reducing opioid withdrawal symptoms
and achieving cessation or reduced use in dependent indi-
viduals, there have been rare but notable reports of deaths
attributed to cardiac arrhythmia [109], and respiratory arrest
[102]. However, a recent study showed no severe cardio-
vascular or neurological adverse effects after administering
a single dose [142]. Speculating on factors that could be
at play in translational studies is important. For instance,
pharmacokinetic variations between species, differences in
metabolism, and the presence of comorbidities in human
subjects could all contribute to discrepancies in the mani-
festation of adverse events. Furthermore, while 18-MC,
which shares properties with ibogaine, is suspected to have
even less neurological and cardiovascular influence [143],
it is important to acknowledge that adverse event reports in
preclinical studies are limited. This underscores the need for
further research to elucidate the full spectrum of effects and
risks associated with ibogaine and its analogs.

The additive potential of psychedelics

Studies investigating the addictive potential of some psy-
chedelics are still scarce. Ibogaine is considered a Schedule
1 drug, according to the Drug Enforcement Administra-
tion [55], with no current accepted medical use. However,
there is no robust evidence showing that ibogaine presents
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a high potential for abuse [107]. Ketamine, on the other
hand, is more commonly recreationally used, and evidence
has shown some dependence potential when it is used fre-
quently [107, 144—146]. The recreational use of ketamine
has recently increased, with rarely reported fatal outcomes,
but mostly related to related to aspiration of gastric contents
[145]. Even though the potential for abuse of psychedelics
was not evaluated in most of the preclinical studies, when
place preference conditioning was tested along with the use
of ketamine, it was found that the ketamine could induce a
place preference on its own. This is consistent with studies
in humans where the additive potential of ketamine has been
observed, too [147].

Potential limitations and future directions

In the context of this preclinical scoping review, it is essen-
tial to note that our focus is primarily on traditional and hal-
lucinogenic psychedelics and their potential applications in
addressing OUD, except 18-MC, which was included due
to its significance in the preclinical literature. While there
is existing data on additional non-hallucinogenic psyche-
delics, such as tabernanthalog, our review has deliberately
omitted their inclusion [137]. This decision is based in part
on the fact that these substances do not possess the capac-
ity to induce altered perceptions, which is a critical char-
acteristic commonly associated with the term ‘psychedelic’
[32], and their potential applications in addressing OUD.
We aimed to provide a comprehensive overview of the
preclinical research landscape regarding potential benefits
of psychedelics in the context of OUD. Thus, it would be
worthwhile for future research to delve into the specific
relationship between hallucinogenic effects and therapeu-
tic outcomes. This avenue of inquiry may contribute to a
deeper understanding of the nuanced interplay between psy-
choactive properties and therapeutic efficacy in the context
of hallucinogenic psychedelics.

A notable limitation of our review is its exclusive focus
on preclinical studies, which inherently constrains the gen-
eralizability of findings to clinical contexts. Moreover,
acknowledging the absence of eligible studies on DMT, psi-
locybin, ayahuasca, and mescaline is a notable limitation in
our review. To contribute to a deeper clinical understanding
of those substances, exploring “street pharmacology” case
studies [148], across various social media platforms could
be suggested for insights into the therapeutic or aversive
effects of these substances. This avenue presents a unique
perspective that warrants consideration in future research
efforts to enhance our understanding of the therapeutic
potential and challenges associated with a broad spectrum
of different psychedelics.

Conclusion

This scoping review evaluates the effectiveness of using
psychedelics in preclinical models of opioid use disorder
or opioid dependence. The analyzed papers demonstrate
favorable results in reducing opioid use, treating withdrawal
symptoms, and inhibiting opioid-conditioned place prefer-
ence. The results show the importance of studying a broader
range of compounds since there are different psychedel-
ics like 4-AcO-DMT, DOI, and 18-MC that have not been
studied in SUD studies with humans yet and, in this review,
shown to be effective in animal models.

Supplementary Information The online  version  contains
supplementary material available at https://doi.org/10.1007/s00018-0
24-05519-2.

Author contributions JW, ABN, and GAA contributed to the study
conception and design. MCF helped develop the search strategy and
led the data management in EndNote and Covidence. APS, HNPO,
TPP, and CF were responsible for the collection and analysis of data.
APS and HNPO wrote the first draft of the manuscript, overseen by
GAA. All authors (APS, HNPO, TPP, RK, EJN, CF, MCF, JW, ABN,
GAA) reviewed and commented on previous versions of the manu-
script. JW, ABN, CF, and GAA critically revised the manuscript. All
authors (APS, HNPO, TPP, RK, EJN, CF, MCF, JW, ABN, GAA) read
and approved the final manuscript.

Funding This study was partly supported by the NIDA grants R21
DA046030 (GAA), and P30 DA046345 (GAA, HNPO). During man-
uscript preparation APS, HNPO and GAA received helpful feedback at
the Critical Research Issues in Latinx Mental Health annual meeting,
which is sponsored in parts by NIMH and NIDA 1R13MH132238 (PI
Gallego). The work described in this manuscript was partially funded
by the State of Connecticut, Department of Mental Health, and Addic-
tion Services. Still, this publication does not express the views of the
Department of Mental Health and Addiction Services or the State of
Connecticut. The views and opinions expressed are those of the au-
thors.

Data availability Data will be provided upon reasonable request.

Declarations
Ethics approval and consent to participate Not applicable.

Consent for publication All authors reviewed manuscript and provid-
ed consent for publication.

Competing interests Dr. Bassir Nia is a member of the Scientific Ad-
visory Board of Synendos Therapeutics AG, Switzerland.

Open Access This article is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0 International License,
which permits any non-commercial use, sharing, distribution and
reproduction in any medium or format, as long as you give appropri-
ate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if you modified the licensed
material. You do not have permission under this licence to share
adapted material derived from this article or parts of it. The images or

@ Springer


https://doi.org/10.1007/s00018-024-05519-2
https://doi.org/10.1007/s00018-024-05519-2

49

Page 18 of 21

A. Pulido-Saavedra et al.

other third party material in this article are included in the article’s Cre-
ative Commons licence, unless indicated otherwise in a credit line to
the material. If material is not included in the article’s Creative Com-
mons licence and your intended use is not permitted by statutory regu-
lation or exceeds the permitted use, you will need to obtain permission
directly from the copyright holder. To view a copy of this licence, visit
http://creativecommons.org/licenses/by-nc-nd/4.0/.

References

10.

11.

12.

13.

14.

15.

16.

17.

Joseph TT, Bu W, Lin W, Zoubak L, Yeliseev A, Liu R et al
(2021) Ketamine metabolite (2R,6R)-Hydroxynorketamine
interacts with p and k opioid receptors. ACS Chem Neurosci
12(9):1487-1497

Dezfulian C, Orkin AM, Maron BA, Elmer J, Girotra S, Gladwin
MT et al (2021) Opioid-Associated out-of-hospital cardiac arrest:
distinctive clinical features and Implications for Health Care and
public responses: A Scientific Statement from the American Heart
Association. Circulation 143(16):e836—70

Bell J, Strang J (2020) Medication treatment of opioid Use Disor-
der. Biol Psychiatry 87(1):82—88

Rasmussen K, White DA, Acri JB (2019) NIDA’s medication
development priorities in response to the Opioid Crisis: ten most
wanted. Neuropsychopharmacology 44(4):657-659

Wilson N, Kariisa M, Seth P, Smith Ht, Davis NL (2020) Drug
and opioid-involved overdose deaths - United States, 2017-2018.
MMWR Morb Mortal Wkly Rep 69(11):290-297

Volkow ND, Collins FS (2017) The role of Science in addressing
the Opioid Crisis. N Engl ] Med 377(4):391-394

Jones G, Ricard JA, Lipson J, Nock MK (2022) Associations
between classic psychedelics and opioid use disorder in a nation-
ally-representative U.S. adult sample. Sci Rep. 12(1)

Parker LA, Siegel S, Luxton T (1995) Ibogaine attenuates mor-
phine-induced conditioned place preference. Exp Clin Psycho-
pharmacol 3:344-348

Glick SD, Kuehne ME, Raucci J, Wilson TE, Larson D, Keller
RW Jr. et al (1994) Effects of Iboga alkaloids on morphine and
cocaine self-administration in rats: relationship to tremorigenic
effects and to effects on dopamine release in nucleus accumbens
and striatum. Brain Res 657(1-2):14-22

Francés B, Gout R, Cros J, Zajac JM (1992) Effects of ibogaine
on naloxone-precipitated withdrawal in morphine-dependent
mice. Fundam Clin Pharmacol 6(8-9):327-332

Zafar R, Siegel M, Harding R, Barba T, Agnorelli C, Suseelan S
et al (2023) Psychedelic therapy in the treatment of addiction: the
past, present and future. Front Psychiatry 14:1183740

Lavaud C, Massiot G (2017) The Iboga alkaloids. Prog Chem Org
Nat Prod 105:89-136

Mendes FR, Costa CS, Wiltenburg VD, Morales-Lima G, Fer-
nandes JAB, Filev R (2022) Classic and non-classic psychedelics
for substance use disorder: a review of their historic, past and
current research. Addict Neurosci 3:100025

Kelmendi B, Kaye AP, Pittenger C, Kwan AC (2022) Psychedel-
ics Curr Biol 32(2):R63-17

Aleksandrova LR, Phillips AG (2021) Neuroplasticity as a con-
vergent mechanism of ketamine and classical psychedelics.
Trends Pharmacol Sci 42(11):929-942

Mastinu A, Anyanwu M, Carone M, Abate G, Bonini SA, Peron
G et al (2023) The Bright side of Psychedelics: latest advances
and challenges in Neuropharmacology. Int J Mol Sci. 24(2)
Perez LG, Siconolfi D, Troxel WM, Tucker JS, Seelam R, Rodri-
guez A et al (2022) Loneliness and multiple health domains: asso-
ciations among emerging adults. ] Behav Med 45(2):260-271

@ Springer

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.
33.

34.

35.

36.

Maguire DR (2023) Effects of 2,5-Dimethoxy-4-Methylamphet-
amine (DOM) and 2-Piperazin-1-yl-quinoline (Quipazine) on
Fentanyl Versus Food Choice in Rhesus monkeys. J Pharmacol
Exp Ther 384(1):155-162

Weleft J, Pulido-Saavedra A, Anand A, Nero N, Nia AB (2023)
CRD42023392307 Angarita. GA. The therapeutic effects of psy-
chedelics for opioid use disorder: a systematic review of clinical
studies. PROSPERO 2024

Kiluk BD, Kleykamp BA, Comer SD, Griffiths RR, Huhn AS,
Johnson MW et al (2023) Clinical Trial Design challenges and
opportunities for emerging treatments for opioid use disorder: a
review. JAMA Psychiatry 80(1):84-92

Volkow ND, Gordon JA, Wargo EM (2023) Psychedelics
as therapeutics-potential and challenges. JAMA Psychiatry
80(10):979-980

(CDER) Psychedelic Drugs: Considerations for Clinical Inves-
tigations Guidance for Industry DRAFT GUIDANCE www.fda.
gov2023 updated 06/26/2023; cited 2024. Available from: https:/
/www.fda.gov/regulatory-information/search-fda-guidance-docu
ments/psychedelic-drugs-considerations-clinical-investigations
Rodrigues LS, Rossi GN, Rocha JM, F LO, Bouso JC, Hallak
JEC et al (2022) Effects of Ayahuasca and its alkaloids on sub-
stance use disorders: an updated (2016-2020) systematic review
of preclinical and human studies. Eur Arch Psychiatry Clin Neu-
rosci 272(4):541-556

Hilal FF, Jeanblanc J, Deschamps C, Naassila M, Pierrefiche
O, Ben Hamida S (2024) Epigenetic drugs and psychedelics as
emerging therapies for alcohol use disorder: insights from pre-
clinical studies. J Neural Transm (Vienna) 131(5):525-561
Mertens LJ, Preller KH (2021) Classical psychedelics as thera-
peutics in Psychiatry - Current Clinical evidence and potential
therapeutic mechanisms in Substance Use and Mood disorders.
Pharmacopsychiatry 54(4):176-190

Hornick MG, Stefanski A (2023) Hallucinogenic potential: a
review of psychoplastogens for the treatment of opioid use disor-
der. Front Pharmacol 14:1221719

Peters MDJ, Marnie C, Tricco AC, Pollock D, Munn Z, Alexan-
der L et al (2020) Updated methodological guidance for the con-
duct of scoping reviews. JBI Evid Synthesis 18(10):2119-2126
Tricco AC, Lillie E, Zarin W, O’Brien KK, Colquhoun H,
Levac D et al (2018) PRISMA Extension for scoping reviews
(PRISMA-ScR): Checklist and Explanation. Ann Intern Med
169(7):467-473

Saavedra AP, Oliva HNP, Kitaneh R, Funaro MC, Angarita GA
(2023) Effects of Psychedelics on opioid use disorder. Protocol
for a Scoping Review of Preclinical Studies

Leenaars M, Hooijmans CR, van Veggel N, ter Riet G, Leeflang
M, Hooft L et al (2012) A step-by-step guide to systematically
identify all relevant animal studies. Lab Anim 46(1):24-31
McGowan J, Sampson M, Salzwedel DM, Cogo E, Foerster V,
Lefebvre C (2016) PRESS peer review of electronic search strate-
gies: 2015 Guideline Statement. J Clin Epidemiol 75:40-46
Nichols DE, Psychedelics (2016) Pharmacol Rev 68(2):264-355
Hooijmans CR, Rovers MM, de Vries RBM, Leenaars M,
Ritskes-Hoitinga M, Langendam MW (2014) SYRCLE’s risk of
bias tool for animal studies. BMC Med Res Methodol 14(1):43
MapChart (2024) Available from: https://www.mapchart.net/abo
ut.html

Brent PJ, Chahl LA (1993) Enhancement of the opiate withdrawal
response by antipsychotic drugs in guinea-pigs is not mediated by
sigma binding sites. Eur Neuropsychopharmacol 3(1):23-32
Dzoljic ED, Kaplan CD, Dzoljic MR (1988) Effect of ibogaine
on naloxone-precipitated withdrawal syndrome in chronic mor-
phine-dependent rats. Arch Int Pharmacodyn Ther 294:64-70


https://www.fda.gov/regulatory-information/search-fda-guidance-documents/psychedelic-drugs-considerations-clinical-investigations
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/psychedelic-drugs-considerations-clinical-investigations
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/psychedelic-drugs-considerations-clinical-investigations
https://www.mapchart.net/about.html
https://www.mapchart.net/about.html
http://creativecommons.org/licenses/by-nc-nd/4.0/

Effects of psychedelics on opioid use disorder: a scoping review of preclinical studies

Page 19 of 21 49

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Glick SD, Rossman K, Steindorf S, Maisonneuve IM, Carlson
IN (1991) Effects and aftereffects of ibogaine on morphine self-
administration in rats. Eur J Pharmacol 195(3):341-345

Glick SD, Rossman K, Rao NC, Maisonneuve IM, Carlson JN
(1992) Effects of ibogaine on acute signs of morphine with-
drawal in rats: independence from tremor. Neuropharmacology
31(5):497-500

Glick SD, Pearl SM, Cai J, Maisonneuve IM (1996) Ibogaine-like
effects of noribogaine in rats. Brain Res 713(1-2):294-297
Glick SD, Kuehne ME, Maisonneuve IM, Bandarage UK, Moli-
nari HH (1996) 18-Methoxycoronaridine, a non-toxic iboga
alkaloid congener: effects on morphine and cocaine self-admin-
istration and on mesolimbic dopamine release in rats. Brain Res
719(1-2):29-35

Glick SD, Maisonneuve IM, Pearl SM (1997) Evidence for roles
of kappa-opioid and NMDA receptors in the mechanism of action
of ibogaine. Brain Res 749(2):340-343

Glick SD, Maisonneuve IM (1998) Mechanisms of antiaddictive
actions of Ibogainea. Ann N'Y Acad Sci 844(1):214-226
Gonzalez P, Cabello P, Germany A, Norris B, Contreras E
(1997) Decrease of tolerance to, and physical dependence on
morphine by, glutamate receptor antagonists. Eur J Pharmacol
332(3):257-262

Ji D, Sui ZY, Ma YY, Luo F, Cui CL, Han JS (2004) NMDA
receptor in nucleus accumbens is implicated in morphine with-
drawal in rats. Neurochem Res 29(11):2113-2120

Martin DA, Gyawali U, Calu DJ (2021) Effects of 5-HT(2A)
receptor stimulation on economic demand for fentanyl after inter-
mittent and continuous access self-administration in male rats.
Addict Biol 26(3):€12926

Mash DC, Ameer B, Prou D, Howes JF, Maillet EL (2016) Oral
noribogaine shows high brain uptake and anti-withdrawal effects
not associated with place preference in rodents. J Psychopharma-
col 30(7):688-697

McKendrick G, Graziane NM (2020) Drug-Induced Conditioned
Place Preference and its practical use in Substance Use Disorder
Research. Front Behav Neurosci 14:582147

Cappendijk SLT, Fekkes D, Dzoljic MR (1994) Norharman
— endogenous inhibitor of morphine withdrawal. Regul Pept
54(1):39-40

Cappendijk SL, Fekkes D, Dzoljic MR (1994) The inhibitory
effect of norharman on morphine withdrawal syndrome in rats:
comparison with ibogaine. Behav Brain Res 65(1):117-119
Maisonneuve IM, Glick SD (2003) Anti-addictive actions of an
iboga alkaloid congener: a novel mechanism for a novel treat-
ment. Pharmacol Biochem Behav 75(3):607-618

Panchal V, Taraschenko OD, Maisonneuve IM, Glick SD (2005)
Attenuation of morphine withdrawal signs by intracerebral
administration of 18-methoxycoronaridine. Eur J Pharmacol
525(1-3):98-104

Parke LA, Burton P, McDonald RV, Kim JA, Siegel S (2002) Ibo-
gaine interferes with motivational and somatic effects of nalox-
one-precipitated withdrawal from acutely administered morphine.
Prog Neuropsychopharmacol Biol Psychiatry 26(2):293-297
Rho B, Glick SD (1998) Effects of 18-methoxycoronaridine
on acute signs of morphine withdrawal in rats. NeuroReport
9(7):1283-1285

Sharpe LG, Jaffe JH (1990) Ibogaine fails to reduce naloxone-
precipitated withdrawal in the morphine-dependent rat. NeuroRe-
port 1(1):17-19

Suzuki T, Kato H, Aoki T, Tsuda M, Narita M, Misawa M (2000)
Effects of the non-competitive NMDA receptor antagonist ket-
amine on morphine-induced place preference in mice. Life Sci
67(4):383-389

Witkin JM, Kranzler J, Kaniecki K, Popik P, Smith JL, Hashi-
moto K et al (2020) R-(-)-ketamine modifies behavioral effects

57.

S8.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

of morphine predicting efficacy as a novel therapy for opioid use
disorder(1). Pharmacol Biochem Behav 194:172927

Dworkin SI, Gleeson S, Meloni D, Koves TR, Martin TJ
(1995) Effects of ibogaine on responding maintained by food,
cocaine and heroin reinforcement in rats. Psychopharmacology
117(3):257-261

Gao C, Che LW, Chen J, Xu XJ, Chi ZQ (2003) Ohmefentanyl
stereoisomers induce changes of CREB phosphorylation in hip-
pocampus of mice in conditioned place preference paradigm. Cell
Res 13(1):29-34

Glick SD, Maisonneuve IM, Kitchen BA, Fleck MW (2002)
Antagonism of alpha 3 beta 4 nicotinic receptors as a strategy to
reduce opioid and stimulant self-administration. Eur J Pharmacol
438(1-2):99-105

Glick SD, Ramirez RL, Livi JM, Maisonneuve IM (2006)
18-Methoxycoronaridine acts in the medial habenula and/or inter-
peduncular nucleus to decrease morphine self-administration in
rats. Eur J Pharmacol 537(1-3):94-98

King CH, Meckler H, Herr RJ, Trova MP, Glick SD, Maison-
neuve IM (2000) Synthesis of enantiomerically pure (+)- and
(-)-18-methoxycoronaridine hydrochloride and their prelimi-
nary assessment as anti-addictive agents. Bioorg Med Chem Lett
10(5):473-476

Koyuncuoglu H, Aricioglu F (1991) Previous chronic blockade of
NMDA receptors intensifies morphine dependence in rats. Phar-
macol Biochem Behav 39(3):575-579

Leal MB, Michelin K, Souza DO, Elisabetsky E (2003) Ibogaine
attenuation of morphine withdrawal in mice: role of glutamate
N-methyl-D-aspartate receptors. Prog Neuropsychopharmacol
Biol Psychiatry 27(5):781-785

Maisonneuve IM, Glick SD (1999) Attenuation of the reinforcing
efficacy of morphine by 18-methoxycoronaridine. Eur J Pharma-
col 383(1):15-21

Vargas-Perez H, Grieder TE, Ting AKR, Maal-Bared G, Chwalek
M, van der Kooy D (2017) A single administration of the hal-
lucinogen, 4-acetoxy-dimethyltryptamine, prevents the shift to a
drug-dependent state and the expression of withdrawal aversions
in rodents. Eur J Neurosci 45(11):1410-1417

Parker LA, Burton P, McDonald RV, Kim JA, Siegel S (2002)
Ibogaine interferes with motivational and somatic effects
of naloxone-precipitated withdrawal from acutely adminis-
tered morphine. Prog Neuropsychopharmacol Biol Psychiatry
26(2):293-297

Maguire DR, Li JX, Koek W, France CP (2013) Effects of
1-(2,5-dimethoxy-4-methylphenyl)-2-aminopropane (DOM) and
quipazine on heroin self-administration in rhesus monkeys. Psy-
chopharmacology 225(1):173-185

Luxton T, Parker LA, Siegel S (1996) Ibogaine fails to interrupt
the expression of a previously established one-trial morphine
place preference. Prog Neuropsychopharmacol Biol Psychiatry
20(5):857-872

Bohlul Habibi Asl Kambiz Hassanzadeh (2004) Effects of ket-
amine and midazolam on morphine induced dependence and tol-
erance in mice. DARU, J Pharm Sci 12(3):101

Streel E, Dan B, Bredas P, Clement B, Pelc I, Verbanck P (2001)
Interference with withdrawal signs of naloxone-induced opi-
ate withdrawal under anesthesia is anesthetic-specific in opiate-
dependent rats. Life Sci 70(5):517-522

McKendrick G, Garrett H, Jones HE, McDevitt DS, Sharma S,
Silberman Y et al (2020) Ketamine blocks Morphine-Induced
conditioned place preference and anxiety-like behaviors in mice.
Front Behav Neurosci 14:75

Zhai H, Wu P, Chen S, Li F, Liu Y, Lu L (2008) Effects of scopol-
amine and ketamine on reconsolidation of morphine conditioned
place preference in rats. Behav Pharmacol 19(3):211-216

@ Springer



49

Page 20 of 21

A. Pulido-Saavedra et al.

73.

74.

75.

76.

71.

78.

79.

80.

81.

82.

3.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

Chergui K, Charléty PJ, Akaoka H, Saunier CF, Brunet JL, Buda
M et al (1993) Tonic activation of NMDA receptors causes spon-
taneous burst discharge of rat midbrain dopamine neurons in
vivo. Eur J Neurosci 5(2):137-144

Zorumski CF, Izumi Y, Mennerick S (2016) Ketamine: NMDA
receptors and Beyond. J Neurosci 36(44):11158—11164

Strong CE, Kabbaj M (2020) Neural mechanisms underlying the
rewarding and therapeutic effects of ketamine as a treatment for
Alcohol Use Disorder. Front Behav Neurosci 14:593860

Elias AM, Pepin MJ, Brown JN (2019) Adjunctive memantine for
opioid use disorder treatment: a systematic review. J Subst Abuse
Treat 107:38-43

Galaj E, Newman AH, Xi ZX (2020) Dopamine D3 receptor-
based medication development for the treatment of opioid use
disorder: Rationale, progress, and challenges. Neurosci Biobehav
Rev 114:38-52

Koob GF, Volkow ND (2016) Neurobiology of addiction: a neu-
rocircuitry analysis. Lancet Psychiatry 3(8):760-773

Ivan Ezquerra-Romano I, Lawn W, Krupitsky E, Morgan CJA
(2018) Ketamine for the treatment of addiction: evidence and
potential mechanisms. Neuropharmacology 142:72—82

Ingram R, Kang H, Lightman S, Jane DE, Bortolotto ZA, Collin-
gridge GL et al (2018) Some distorted thoughts about ketamine as
a psychedelic and a novel hypothesis based on NMDA receptor-
mediated synaptic plasticity. Neuropharmacology 142:30—40
Koike H, lijima M, Chaki S (2011) Involvement of AMPA recep-
tor in both the rapid and sustained antidepressant-like effects
of ketamine in animal models of depression. Behav Brain Res
224(1):107-111

Kalivas PW, Volkow ND (2005) The neural basis of addic-
tion: a pathology of motivation and choice. Am J Psychiatry
162(8):1403-1413

Kelley AE, Schiltz CA, Landry CF (2005) Neural systems
recruited by drug- and food-related cues: studies of gene activa-
tion in corticolimbic regions. Physiol Behav 86(1):11-14

Taylor AMW (2018) Corticolimbic circuitry in the modulation of
chronic pain and substance abuse. Prog Neuropsychopharmacol
Biol Psychiatry 87:263-268

Marek GJ (2003) Behavioral evidence for p-opioid and 5-HT2A
receptor interactions. Eur J Pharmacol 474(1):77-83

Gumpper RH, Roth BL (2023) Psychedelics: preclinical insights
provide directions for future research. Neuropsychopharmacol
49(1):119-127

Halberstadt AL (2015) Recent advances in the neuropsycho-
pharmacology of serotonergic hallucinogens. Behav Brain Res
277:99-120

Vollenweider FX, Preller KH (2020) Psychedelic drugs: neuro-
biology and potential for treatment of psychiatric disorders. Nat
Rev Neurosci 21(11):611-624
Nichols DE, Hallucinogens
101(2):131-181

Berro LF, Perez Diaz M, Maltbie E, Howell LL (2017) Effects
of the serotonin 2 C receptor agonist WAY 163909 on the abuse-
related effects and mesolimbic dopamine neurochemistry induced
by abused stimulants in rhesus monkeys. Psychopharmacology
234(17):2607-2617

Hadizadeh H, Flores J, Nunes E, Mayerson T, Potenza MN,
Angarita GA (2022) Novel pharmacological agents for the
treatment of Cocaine Use Disorder. Curr Behav Neurosci Rep
9(1):27-46

Higgins GA, Sellers EM, Fletcher PJ (2013) From obesity to
substance abuse: therapeutic opportunities for 5-HT2C receptor
agonists. Trends Pharmacol Sci 34(10):560-570

Zhornitsky S, Oliva HNP, Jayne LA, Allsop ASA, Kaye AP,
Potenza MN et al (2023) Changes in synaptic markers after

(2004) Pharmacol  Ther

Springer

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

administration of ketamine or psychedelics: a systematic scoping
review. Front Psychiatry 14:1197890

Ly C, Greb AC, Cameron LP, Wong JM, Barragan EV, Wilson PC
et al (2018) Psychedelics promote structural and functional neural
plasticity. Cell Rep 23(11):3170-3182

Holmes SE, Finnema SJ, Naganawa M, DellaGioia N, Holden
D, Fowles K et al (2022) Imaging the effect of ketamine on
synaptic density (SV2A) in the living brain. Mol Psychiatry
27(4):2273-2281

Oliva HNP, Prudente TP, Nunes EJ, Cosgrove KP, Radhakrish-
nan R, Potenza MN, Angarita GA (2024) Substance use and spine
density: a systematic review and meta-analysis of preclinical
studies. Mol Psychiatry 29(9):2873-2885

Robinson TE, Gorny G, Savage VR, Kolb B (2002) Widespread
but regionally specific effects of experimenter- versus self-admin-
istered morphine on dendritic spines in the nucleus accumbens,
hippocampus, and neocortex of adult rats. Synapse 46(4):271-279
Fakira AK, Massaly N, Cohensedgh O, Berman A, Morén JA
(2016) Morphine-Associated Contextual cues Induce Structural
plasticity in hippocampal CA1 pyramidal neurons. Neuropsycho-
pharmacology 41(11):2668-2678

CaiY, Yang L, Hu G, Chen X, Niu F, Yuan L et al (2016) Regula-
tion of morphine-induced synaptic alterations: role of oxidative
stress, ER stress, and autophagy. J Cell Biol 215(2):245-258
Volkow ND, Gordon JA, Wargo EM (2023) Psychedelics
as therapeutics-potential and challenges. JAMA Psychiatry
80(10):979-980

Malcolm BJ, Polanco M, Barsuglia JP (2018) Changes in With-
drawal and craving scores in participants undergoing opioid detox-
ification utilizing ibogaine. J Psychoact Drugs 50(3):256-265
Alper KR, Lotsof HS, Frenken GM, Luciano DJ, Bastiaans J
(1999) Treatment of acute opioid withdrawal with ibogaine. Am J
Addict 8(3):234-242

Krupitsky E, Burakov A, Romanova T, Dunaevsky I, Strassman
R, Grinenko A (2002) Ketamine psychotherapy for heroin addic-
tion: immediate effects and two-year follow-up. J Subst Abuse
Treat 23(4):273-283

Mash DC, Kovera CA, Pablo J, Tyndale R, Ervin FR, Kamlet
JD et al (2001) Ibogaine in the treatment of heroin withdrawal.
Alkaloids Chem Biol 56:155-171

Davis AK, Barsuglia JP, Windham-Herman AM, Lynch M,
Polanco M (2017) Subjective effectiveness of ibogaine treatment
for problematic opioid consumption: short- and long-term out-
comes and current psychological functioning. J Psychedelic Stud
1(2):65-73

Brown TK, Alper K (2018) Treatment of opioid use disorder with
ibogaine: detoxification and drug use outcomes. Am J Drug Alco-
hol Abuse 44(1):24-36

Brown T (2013) Ibogaine in the treatment of Substance Depen-
dence. Curr Drug Abuse Rev. 6

Mash DC, Duque L, Page B, Allen-Ferdinand K (2018) Ibogaine
Detoxification transitions Opioid and Cocaine abusers between
dependence and abstinence: clinical observations and treatment
outcomes. Front Pharmacol 9:529

Noller GE, Frampton CM, Yazar-Klosinski B (2018) Ibogaine
treatment outcomes for opioid dependence from a twelve-
month follow-up observational study. Am J Drug Alcohol Abuse
44(1):37-46

Krupitsky EM, Burakov AM, Dunaevsky IV, Romanova TN,
Slavina TY, Grinenko AY (2007) Single versus repeated ses-
sions of ketamine-assisted psychotherapy for people with heroin
dependence. J Psychoact Drugs 39(1):13-19

Reigner BG, Blesch KS (2002) Estimating the starting dose for
entry into humans: principles and practice. Eur J Clin Pharmacol
57(12):835-845



Effects of psychedelics on opioid use disorder: a scoping review of preclinical studies

Page 21 of 21 49

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127
128

129.

130.

131.

132.

133.

Nair AB, Jacob S (2016) A simple practice guide for dose conver-
sion between animals and human. J Basic Clin Pharm 7(2):27-31
Chaturvedi PR, Decker CJ, Odinecs A (2001) Prediction of phar-
macokinetic properties using experimental approaches during
early drug discovery. Curr Opin Chem Biol 5(4):452-463
Rhomberg LR, Lewandowski TA (2006) Methods for identify-
ing a default cross-species scaling factor. Hum Ecol Risk Assess-
ment: Int J 12(6):1094—-1127

Panlilio LV, Goldberg SR (2007) Self-administration of drugs in
animals and humans as a model and an investigative tool. Addic-
tion 102(12):1863-1870

Dunn KE, Huhn AS, Bergeria CL, Gipson CD, Weerts EM (2019)
Non-opioid Neurotransmitter Systems that contribute to the opi-
oid withdrawal syndrome: a review of preclinical and human evi-
dence. J Pharmacol Exp Ther 371(2):422-452

Shurman J, Koob GF, Gutstein HB (2010) Opioids, pain, the
brain, and hyperkatifeia: a framework for the rational use of opi-
oids for pain. Pain Med 11(7):1092—-1098

Koob GF (2020) Neurobiology of opioid addiction: opponent
process, Hyperkatifeia, and negative reinforcement. Biol Psy-
chiatry 87(1):44-53

Koob GF (2022) Anhedonia, Hyperkatifeia, and negative rein-
forcement in Substance Use disorders. Curr Top Behav Neurosci
58:147-165

Pergolizzi JV Jr., Raffa RB, Rosenblatt MH (2020) Opioid with-
drawal symptoms, a consequence of chronic opioid use and
opioid use disorder: current understanding and approaches to
management. J Clin Pharm Ther 45(5):892-903

Harris AC, Gewirtz JC (2005) Acute opioid dependence: charac-
terizing the early adaptations underlying drug withdrawal. Psy-
chopharmacology 178(4):353-366

Perlman RL (2016) Mouse models of human disease: an evolu-
tionary perspective. Evol Med Public Health 2016(1):170-176
Waterston RH, Lindblad-Toh K, Birney E, Rogers J, Abril JF,
Agarwal P et al (2002) Initial sequencing and comparative analy-
sis of the mouse genome. Nature 420(6915):520-562

Bryda EC (2013) The mighty mouse: the impact of rodents on
advances in biomedical research. Mo Med 110(3):207-211
Ellenbroek B, Youn J (2016) Rodent models in neuroscience
research: is it a rat race? Dis Model Mech 9(10):1079-1087
Roelfsema PR, Treue S (2014) Basic neuroscience research with
nonhuman primates: a small but indispensable component of bio-
medical research. Neuron 82(6):1200-1204

. Prescott MJ (2010) Ethics of primate use. Adv Sci Res 5(1):11-22
. Goni-Balentziaga O, Ortega-Saez I, Vila S, Azkona G (2022) A

survey on the use of mice, pigs, dogs and monkeys as animal
models in biomedical research in Spain. Lab Anim Res 38(1):14
Lopresti-Goodman SM, Villatoro-Sorto B (2022) The benefits
and challenges of conducting Primate Research in different set-
tings. Anim (Basel). 13(1)

Towers EB, Williams IL, Qillawala EI, Rissman EF, Lynch WJ
Sex/Gender differences in the Time-Course for the development of
Substance Use Disorder: a focus on the Telescoping Effect. Phar-
macological Reviews. 2022:PHARMREV-AR-2021-000361.
Zucker 1, Prendergast BJ (2020) Sex differences in pharmacoki-
netics predict adverse drug reactions in women. Biol Sex Differ
11(1):32

Greenfield SF, Back SE, Lawson K, Brady KT (2010) Substance
abuse in women. Psychiatr Clin North Am 33(2):339-355

Yaden DB, Griffiths RR (2021) The subjective effects of Psyche-
delics are necessary for their Enduring Therapeutic effects. ACS
Pharmacol Translational Sci 4(2):568-572

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

Olson DE (2021) The subjective effects of Psychedelics May not
be necessary for their Enduring Therapeutic effects. ACS Phar-
macol Transl Sci 4(2):563-567

Johnson MW, Garcia-Romeu A, Griffiths RR (2017) Long-term
follow-up of psilocybin-facilitated smoking cessation. Am J Drug
Alcohol Abus 43(1):55-60

Bogenschutz MP, Ross S, Bhatt S, Baron T, Forcehimes AA,
Laska E et al (2022) Percentage of Heavy drinking days follow-
ing psilocybin-assisted psychotherapy vs placebo in the treatment
of adult patients with Alcohol Use Disorder: a Randomized Clini-
cal Trial. JAMA Psychiatry 79(10):953-962

Cameron LP, Tombari RJ, Lu J, Pell AJ, Hurley ZQ, Ehinger Y et
al (2021) A non-hallucinogenic psychedelic analogue with thera-
peutic potential. Nature 589(7842):474—479

Adams AM, Anas NA, Sen AK, Hinegardner-Hendricks JD,
O’Dell PJ, Gibbons WJ Jr. et al (2022) Development of an E.
coli-based norbaeocystin production platform and evaluation of
behavioral effects in rats. Metab Eng Commun 14:¢00196
Acevedo-Diaz EE, Cavanaugh GW, Greenstein D, Kraus C,
Kadriu B, Zarate CA et al (2020) Comprehensive assessment of
side effects associated with a single dose of ketamine in treat-
ment-resistant depression. J Affect Disord 263:568-575
Mclntyre RS, Rosenblat JD, Nemeroff CB, Sanacora G, Mur-
rough JW, Berk M et al (2021) Synthesizing the evidence for
ketamine and esketamine in treatment-resistant depression:
an International Expert Opinion on the available evidence and
implementation. Am J Psychiatry 178(5):383-399

Rhee TG, Shim SR, Forester BP, Nierenberg AA, Mclntyre RS,
Papakostas GI et al (2022) Efficacy and Safety of Ketamine vs
electroconvulsive therapy among patients with Major Depressive
Episode: a systematic review and Meta-analysis. JAMA Psychia-
try 79(12):1162-1172

Knuijver T, Schellekens A, Belgers M, Donders R, van Oosteren
T, Kramers K et al (2022) Safety of ibogaine administration in
detoxification of opioid-dependent individuals: a descriptive
open-label observational study. Addiction 117(1):118-128

Glick SD, Maisonneuve IM, Hough LB, Kuehne ME, Bandarage
UK (1999) (z)-18-Methoxycoronaridine: a Novel Iboga Alkaloid
Congener having potential anti-addictive efficacy. CNS Drug Rev
5(1):27-42

Kalsi SS, Wood DM, Dargan PI (2011) The epidemiology and
patterns of acute and chronic toxicity associated with recreational
ketamine use. Emerg Health Threats J 4:7107

Niesters M, Martini C, Dahan A (2014) Ketamine for chronic
pain: risks and benefits. Br J Clin Pharmacol 77(2):357-367
Martins B, Rutland W, De Aquino JP, Kazer BL, Funaro M,
Potenza MN et al (2022) Helpful or harmful? The therapeutic
potential of medications with varying degrees of abuse liability
in the treatment of Substance Use disorders. Curr Addict Rep
9(4):647-659

Liu Y, Lin D, Wu B, Zhou W (2016) Ketamine abuse potential
and use disorder. Brain Res Bull 126(Pt 1):68—73

Hunt DE, Lipton DS, Goldsmith D, Strug D (1984) Street phar-
macology: uses of cocaine and heroin in the treatment of addic-
tion. Drug Alcohol Depend 13(4):375-387

Publisher’s note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

@ Springer



	﻿Effects of psychedelics on opioid use disorder: a scoping review of preclinical studies
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Information sources and search strategy
	﻿Eligibility criteria
	﻿Selection of sources of evidence and data charting
	﻿Methodological quality assessment

	﻿Results


