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Therapeutic mechanisms of classic
hallucinogens in the treatment of addictions:
from indirect evidence to testable hypotheses

Michael P. Bogenschutz* and Jessica M. Pommy

Alcohol and drug addiction are major public health problems, and existing treatments are only moderately effective. Although
there has been interest for over half a century in the therapeutic use of classic hallucinogens to treat addictions, clinical
research with these drugs was halted at an early stage in the early 1970s, leaving many fundamental questions unanswered.
In the past two decades, clinical research on classic hallucinogens has resumed, although addiction treatment trials are only
now beginning. The purpose of this paper is to provide a targeted review of the research most relevant to the therapeutic
potential of hallucinogens, and to integrate this information with current thinking about addiction and recovery. On the basis
of this information, we present a heuristic model which organizes a number of hypotheses that may be tested in future
research. We conclude that existing evidence provides a convincing rationale for further research on the effects of classic

hallucinogens in the treatment of addiction. Copyright © 2012 John Wiley & Sons, Ltd.
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Introduction

Hallucinogens comprise several classes of drugs with distinct
mechanisms of action including agonist activity at 5SHT2A recep-
tors, antagonism of NMDA receptors, kappa opioid receptor
agonism, and muscarinic acetylcholine receptor antagonism. This
review will focus primarily on the classic hallucinogens, defined
for purposes of this review as those agents that have effects
similar to those of mescaline, psilocybin, and LSD, and ‘principally
exert their central nervous system (CNS) effects by an agonist (or
partial agonist) action at serotonin (5-HT)2A receptors’.[!

Hallucinogenic substances have been used in both religious and
medicinal contexts for centuries in a variety of different cultures. In
the 1950s through the early 1970s there was great interest in the
use of classic hallucinogens to facilitate rapid therapeutic effects in
alcohol and drug addiction, as well as anxiety, depression,
obsessive-compulsive disorder, and other conditions. Many clini-
cians and centres reported the benefits of hallucinogen use in the
context of therapy to facilitate the therapeutic process and
strengthen the therapeutic relationship. Psycholytic and psychedelic
therapy models of the 1950s through the early 1970s both used
hallucinogen-assisted treatment to promote lasting personality
change, although they emphasized different processes in bringing
about therapeutic effects.!>*! The psycholytic method used low to
moderate doses of hallucinogens to facilitate therapy that was
based on traditional psychoanalytic principles.**’ The psychedelic
method, rather than emphasizing resolution of childhood conflicts
or traumatic experiences, used higher doses of LSD with the goal
of inducing a ‘psychedelic’ (mystical) experience, which, it was held,
often induced lasting change in habitual patterns of thought,
emotional response, and behaviour.®”!

Many of the studies from the 1960s, particularly those employing
the psychedelic model, reported psychological changes following
hallucinogen administration. Unger noted that significant personality

change occurred when a ‘transcendental’ experience occurred
during the drug session.”®! Equivocal changes on measures of per-
sonality were observed following LSD administration in a random-
ized controlled study of LSD in normal volunteers conducted by
McGlothlin et al™ Fifty-eight percent of participants reported signif-
icant changes after the LSD session, but there was less support for
such change on the objective measures used in the study. Mogar
and Savage reported clinical outcomes in a sample of outpatients
who received a single dose of LSD in the context of psychedelic
therapy.l"®"" Follow-up data at two and six months were available
for sixty of the seventy patients. Improvements were observed on
the clinical scales of the Minnesota Multiphasic Personality Inventory
(MMPI) at both time points. Interpersonal Check List scores showed
increased assertiveness and interpersonal confidence, and the
Value-Belief Q-Sort revealed persistent changes in self-reported
values. Extensive positive changes in behavior were also reported.
Similarly, Bottrill reported improvements on the clinical scales of
the MMPI in a small non-clinical sample of male undergraduates be-
fore and one week after an LSD administration session."'? However,
these changes had dissipated at 3-month follow-up.

In the 1950s through the early 1970s, the primary focus of
research on the use of hallucinogenic substances in the treatment
of addiction was the use of the prototypical classic hallucinogen
LSD in the treatment of alcoholism. Over 30 publications during
this period reported on the effects of LSD in the treatment of
alcoholism,*'>'% with more limited research on LSD for the
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treatment of drug addiction."” Dipropyltryptamine was studied
less extensively."®'? Although many of these studies had seri-
ous methodological limitations, there were at least a dozen
studies with some form of control group.?%?"! With few excep-
tions, clinical research on hallucinogens was discontinued in
the early 1970s, after enactment of the Controlled Substances
Act placed all such compounds into the highly restrictive
Schedule | class.

A recent meta-analysis examined six randomized trials
of LSD for alcohol dependence that reported drinking
outcomes.???”1 These studies all had male inpatient alcoholics
as participants and employed a single high-dose LSD session,
but they were otherwise quite heterogeneous, with sample sizes
varying from 20 to 176, LSD doses ranging from about 210 to
800mcg, control conditions including placebo, low dose
(50 mcg) LSD, ephedrine, and amphetamine, and great variability
in preparation and debriefing of subjects and in the conditions
during the LSD sessions. A total of 325 participants received
active treatment with LSD, and 211 received control treatment.
At first post-treatment follow-up (ranging from 1month to
12 months) 59% of the LSD-treated participants were significantly
improved, vs 38% of the control participants (odds ratio 1.96,
confidence interval 1.36-2.84, Z=3.59, p=.0003). These effects
were highly consistent across the six studies. Treatment effects
decreased with the duration of follow-up, but remained
significant at six months. These robust effects provide a strong
rationale for renewed clinical investigation of classic hallucino-
gens for the treatment of alcoholism and other addictions.

Although there were no further addiction treatment trials with
classic hallucinogens for over 30 years, early-stage clinical trials or
psilocybin for nicotine dependence®® and alcohol dependence
(NCT01534494) are currently under way. The study of hallucino-
gens and their effects has advanced considerably in the past
two decades, and much of this literature is relevant to the
question of whether any of these agents could be of use in
addiction treatment. The purpose of this paper is to provide a
targeted review of the research on hallucinogens conducted in
the past 20years which is most relevant to their therapeutic
potential, and to integrate this information with current thinking
about addiction and recovery. On the basis of this information,
we will present a heuristic model which organizes a number of
hypotheses that may be tested in future research.

[20]

Acute and persisting brain effects of classic
hallucinogens

Hallucinogens encompass a variety of different compounds with
varying pharmacological and behavioural effects. Although the
classic hallucinogens, including LSD, psilocybin, mescaline, DMT,
and a large number of analogues, all are thought to act primarily
at 5HT2A receptors, they are structurally diverse and bind to
other receptors as well, including but not limited to a number
of serotonin receptor subtypes.'*? Classic hallucinogens induce
characteristic acute alterations in perception, subjective experi-
ences of reality, and cognitive abilities.2%3"

Direct effects on serotonin receptors

A considerable body of research has characterized the effects of
classic hallucinogens in mammalian cortex. Although classic
hallucinogens bind to a considerable number of serotonin

receptor subtypes and other receptors including D1 and D3
receptors,* the psychoactive effects of all classic hallucinogens
are thought to be due primarily to their actions at 5HT2A recep-
tors."*? Stimulation of 5HT2A receptors causes activation of
pyramidal cells in cerebral cortex.2>*# Ketanserin, a 5SHT2A antago-
nist, blocks nearly all subjective effects of psilocybin in humans.2*’

Secondary effects on glutamate and dopamine receptors

Some research indicates that classic hallucinogens may have
secondary effects on the glutamatergic system. In rat medial
prefrontal cortex, 4-iodo-2,5-dimethoxyphenylisopropylamine
(DOI, a classic hallucinogen) induces glutamate release from
pyramidal cells projecting onto pyramidal cells in cortical layer V,
leading to increased activity of the latter through a process that
depends on AMPA receptors2® In mouse models, effects of
hallucinogenic 5HT2A agonists are mediated by different intra-
cellular signalling cascades than those activated by serotonin and
non-hallucinogenic 5HT2A agonists. Unlike serotonin, effects of
DOI are not mediated by beta-arrestin-2.27>% On the other hand,
the effects of LSD are mediated in part by pathways involving
pertussis toxin-sensitive Gy/, proteins and Src, while the effects of
lisuride (a non-hallucinogenic 5HT2A agonist) do not depend on
these pathways.>® Moreno et al. propose that the metabotropic
glutamate mGlu2 receptor is necessary for the pharmacological
and behavioral effects of hallucinogenic 5-HT2A agonists.!*"!
Psilocybin also increases striatal dopamine concentrations, but
haloperidol (an antagonist of D2, D3, and D4 receptors) decreases
the euphoria and depersonalization effects of psilocybin by only
30%," and actually increases its psychotomimetic effects,>"!
indicating that dopamine is not the primary mediator of these
effects.

Persisting changes in the brain

Ultimately, acute drug effects alone cannot account for lasting
therapeutic effects. To affect substance use behaviour for weeks
or months after administration, an hallucinogen would have to
cause persisting changes in the brain. Although these changes
are by definition biological, psychological responses to the
experience could play a role as well, analogous to the brain
changes induced by psychologically traumatic experiences. Very
little is known about persisting brain changes related to the
administration of classic hallucinogens, but there are animal data
suggesting directions for future research. The classic hallucinogen
DOI and serotonin increase expression of glial cell line-derived
neurotrophic factor (GDNF) mRNA in glioiblastoma cells by a
5HT2A-dependent mechanism.*? Through its action on 5HT2A
receptors, DOI has also been shown to increase levels of brain-
derived neurotrophic factor (BDNF) in rat parietal cortex and other
neocortical regions*®’ BDNF was decreased in hippocampus
(possibly due to stress), and unaffected in piriform cortex. Such
effects could potentially lead to changes in synaptic strength in
affected regions. These findings are relevant because levels of
BDNF or GDNF are inversely related to alcohol consumption and
conditioned place preference in animal models.** Administration
of classic hallucinogens in rat models has been shown to induce
down-regulation of 5HT2A receptors, particularly those in the
anterior cingulate and frontomedial cortex.*>#®! Administration of
DOI activates intracellular signalling cascades associated with
dendritic spine remodelling on rat pyramidal cells, and transiently
increases the size of dendritic spines on cortical neurons.*” At
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present there is no direct evidence that any of these mechanisms
mediates anti-addictive effects in humans.

Acute and persisting psychological effects of
classic hallucinogens

In addition and parallel to their neurobiological effects, hallucino-
genic compounds induce marked acute effects in a person’s sub-
jective experience. These acute psychological effects have the
potential to contribute to lasting changes in the individual,
including changes in addictive behaviour. In this section we
review studies of hallucinogen effects on three psychological
domains that have been studies extensively: mystical experience,
mood and affect, and personality. We then discuss the relevance
of these domains to addiction and addiction treatment. It should
be noted that the psychological effects of hallucinogenic
compounds are believed to be influenced significantly by both
the mental ‘set’ of the individual prior to hallucinogen consumption
and the setting in which the hallucinogen is taken. The wide range
of inter- and intra-individual differences reported in hallucinogen-
induced experiences may in part be a result of variability in set
and setting. The impact of both external and internal factors was
investigated in many of the early studies.”'®****! |n order to
induce the desired acute psychological effects believed to help
treat addiction, both factors must be taken into consideration.

Mystical experience

‘Mystical experience’ refers to a particular class of conscious
states that can occur under a variety of circumstances and which
are often, but not necessarily, understood in religious terms.
Several overlapping definitions have been proposed since
William James treated the topic in The Varieties of Religious
Experience.”™® Drawing on the work of Stace,*"! Pahnke et al.
defined mystical experiences by the presence of the following
6 characteristics: (1) sense of unity or oneness (loss of usual
sense of self as a separate entity); (2) transcendence of time
and space; (3) deeply felt positive mood; (4) sense of wonder
and awe (sacredness); (5) meaningfulness (noetic quality) ; and
(6) ineffability (claim of difficulty in describing the experience
in words).*® This definition and been widely used in research
on effects of classic hallucinogens, and forms the basis of the
Pahnke-Richards Mystical Experience Questionnaire.*>>* As
described below, hallucinogens have been observed to induce
mystical experiences within research settings as well as in the
context of religion.

Mystical experience and after-effects in research contexts

The potential for hallucinogens to induce mystical experiences
has been well-documented within research settings. There is
strong evidence from rigorous quantitative studies by Griffiths
et al®**! that psilocybin can occasion profoundly meaningful
experiences that have significant lasting effects. Twenty-two out
of 36 participants receiving a single high-dose psilocybin session
reported a ‘complete mystical experience’, defined as a score of
at least 0.6 on 6 subscales of the Pahnke-Richards Mystical
Experience Scale”® Fourteen months after the psilocybin
session, 67% of participants rated it as one of the five most
significant spiritual experiences of their lives, and 61% reported
that the experience was associated with ‘moderate to extreme
positive behavioural change’, as well as positive changes in

attitudes, mood, and altruism.®® In addition, these self-reports
were correlated with ratings by community observers who
reported similar positive changes in participants. Scores on the
Hood Mysticism Scale® immediately after the psilocybin session
were strongly related to participant ratings of spiritual signifi-
cance and personal meaningfulness 14 months later (correlation
coefficients ranging from .61 to .78). In a second study in which
participants received a range of doses of psilocybin, 72% of volun-
teers reported a mystical experience at one of the two highest
doses.”* Persisting positive effects one month after the psilocybin
session were found to be dose related. In another recent human
administration study, the hallucinogen MDA was also reported to
induce mystical experiences (Hood Mysticism Scale) in partici-
pants.””! Compared to the placebo condition, MDA induced
significant elevations on all three of the sub-scales: Introvertive
Mysticism, Religious Interpretation, and Extrovertive Mysticism.

Hallucinogen use in formal religious contexts

Classic hallucinogens have been used ceremonially and
religiously for centuries (for comprehensive references on this
topic see Roberts and Hruby,® current version available on-line at
http://csp.org/chrestomathy/a_chrestomathy.html). Cross-sectional
studies have consistently shown decreased rates of alcohol de-
pendence among members of religions that use classic hallucino-
gens as a regular part of their practice, including the Native
American Church, which uses the mescaline-containing peyote cac-
tus as a sacrament,”® and both Brazilian®®® and US®" sects using
ayahuasca. Although cultural norms within these religions likely
contribute to such effects (use of alcohol and drugs is strongly
proscribed), the pattern suggests the possibility of a pharma-
cological effect as well.

Ayahuasca is an hallucinogenic tea made from plants contain-
ing DMT and beta carboline alkaloids. The beta carbolines
(including harmine, harmaline, and tetrahydroharmine) are re-
versible monoamine oxidase inhibitors, rendering the DMT orally
active. Ayahuasca is used sacramentally by a number of orga-
nized religions, of which the Unido do Vegetal and Santo Daime
are the best known. In an assessment of mental health among rit-
ual users of ayahuasca, Fabregas found ayahuasca users had
lower scores on the Addiction Severity Index (ASI) alcohol use
and psychiatric subscales compared to a control group.?
Halpern et al. interviewed 34 American Santo Daime members re-
garding effects of church participation.’®™ Participants reported a
wide variety of psychological benefits. Of 24 members with a his-
tory of substance use disorder, 22 were in full remission, and all 5
who had a history of alcohol dependence reported that church
involvement played a pivotal role in their recovery. Trichter
et al. evaluated self-reported spiritual changes among novice
participants after an ayahuasca ceremony.’®® Although the mea-
sures used to assess spiritual change following the ceremony, the
Hood Mysticism Scale and the Spiritual Well-being Scale,® were
not significantly different from baseline levels, a positive
relationship was observed between the two scales and the Peak
Experience Profile (derived from Pahnke’s original question-
naire®® and measuring the intensity of the altered state
experienced during the ceremony).[63] In addition, a qualitative
analysis of participants’ experiences was performed, and a
consistent ‘spiritual themes’ were identified in many of the
participants’ reports of the experience.’*!

The peyote cactus, containing psychoactive quantities of the
classic hallucinogen mescaline, has been used ceremonially by
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native North Americans for at least 5500 years,®® and is currently

used extensively by groups including the Native American
Church (NAQ)®”' and the Huichol of northern Mexico.®
Although there are few hard data, many have suggested that
taking peyote in a religious context helps alcoholics achieve
sobriety.®” Albaugh and Anderson reported the use of peyote
in the treatment of alcoholism in the NAC® The authors
surveyed 165 individuals who received peyote in the treatment
of alcoholism from 1972 to 1974. They reported a 7-10-day
period following the peyote ceremony in which participants
display increased openness and willingness to communicate.
These authors suggested peyote’s ‘facilitation of cathartic expres-
sion’ may contribute to its efficacy as a treatment for alcoholism.
In contrast, Garrity suggested that introspection elicited through
the peyote ceremony fostered self-examination, re-evaluation,
and ultimately a greater understanding of one’s self that in turn
enhanced motivation for sobriety.”"!

Halpern et al. assessed the cognitive and psychological effects of
long-term peyote use by members of the NAC.”? There were no
significant differences in performance on a variety of neuropsycho-
logical tests between the peyote group and a non-substance-using
comparison group.”? Further, the peyote group scored
significantly better on the General Positive Affect and Psychological
Well-being scales of the Rand Mental Health Inventory (RMHI).
Additionally, log-transformed lifetime peyote use was associated
with a significantly higher score on the Mental Health Index of
the RMHI, and significantly lower scores on the Anxiety and Loss
of Behavioural/Emotional Control scales of the RMHI. A third group
of former alcoholics scored worse than the control group on a
number of psychological and neuropsychological measures. This
study does not provide information on the prevalence of
alcoholism among NAC members vs controls because current and
former alcoholics were excluded from both groups.

Relationship of mystical experience to addiction and recovery

Over 100 years ago, William James described the phenomenon of
sudden change in the form of religious ‘conversion™ which was
often accompanied by changes in behaviour such as the abrupt
onset of sobriety in alcoholics. More recently, William R. Miller and
others have elucidated the nature of what has been termed
‘quantum change’, which is conceptualized as overlapping
considerably with mystical experience.”® Sudden and lasting
behaviour change can be triggered by an acute experience that is
vivid, unexpected, (usually) benevolent, and mystical and/or char-
acterized by important insights. These experiences are frequently
but not always described as religious or spiritual in nature.
Twelve-step programmes such as Alcoholics Anonymous
(AA) are based on the model that spiritual change can bring
about recovery from addiction.”# There is some evidence that
experiencing a spiritual awakening may be a significant predictor
of abstinence. The term ’‘spiritual awakening’, contained in the
12th step of AA, refers to a life change ‘amounting to a new state
of consciousness or being’ through the grace of a higher power,
and leading to a new capacity for ‘honesty, tolerance, unselfishness,
peace of mind, and love'.” The paradigmatic spiritual awakening
was experienced by AA founder Bill W. during treatment with the
deliriant hallucinogen belladonna, and was a typical mystical expe-
rience.”® Such experiences figure prominently in the AA litera-
ture,”” and are not uncommon.”® In a large (n=587) alcoholism
treatment sample, reporting a recent spiritual awakening was asso-
ciated with markedly increased rates of 12-month continuous

abstinence (odds ration=3.9)."°! In another study, 82% of indivi-
duals who reported a spiritual awakening between baseline and
follow-up reported abstinence compared to 55% of those not
reporting such an experience (55%) (X2 =26.48, p < 0.001).% A re-
cent mediational analysis demonstrated that changes in religiosity/
spirituality (measured by the Religious Background and Behaviour
instrument)®" partially mediates the effects of AA involvement on
abstinence.® This study does not demonstrate whether spiritual
awakening played a role in these changes.

Mood and anxiety

Mood and anxiety disorders often co-occur with substance use
disorders. Several recent studies have quantified the effects of
psilocybin on anxiety and mood. Ketamine has been shown
potential to improve symptoms of depression in several studies,
and MDMA may decrease symptoms of post-traumatic stress dis-
order (PTSD). Here we review the recent psilocybin studies, fol-
lowed by a brief review of the studies involving non-classic
hallucinogens.

Effects of psilocybin on mood and anxiety

Although not designed as clinical trials, recent studies by Griffiths
et al. of psilocybin in normal participants have provided evidence
that psilocybin can cause persistent enhancement of mood.**>*#%!

Participants in the psilocybin group reported a significantly
greater change in positive mood two months following the drug
session compared to the active-control group.”* The improve-
ments in mood reported by participants in the psilocybin group
remained significant at a 14-month follow-up visit.®>! Participants
in the psilocybin group also reported significantly increased
current personal well-being or life satisfaction two months after
the session when compared to the active control group.®¥
Likewise these changes remained significant at the 14-month
follow-up visit.®® The positive mood changes following the
psilocybin session showed a dose-related pattern, with increased
psilocybin dose associated with increased reports of positive
mood change.® Dose-related increases in sense of well-being
or life satisfaction and positive attitudes about one’s life and
oneself was observed as well.

Two published studies have explored the effects of psilocybin in
anxiety disorders. The effect of varying doses of psilocybin (doses
up to 0.3mg/kg PO) on symptoms of obsessive compulsive
disorder was tested in nine subjects in a within-subjects design.®*
All doses tested produced significant decreases in obsessive-
compulsive disorder (OCD) symptomatology, but there was no
effect of dose or dose-by-time interaction. Using a double-blind,
cross-over design, Grob et al. administered psilocybin 0.2 mg/kg
vs. placebo to 12 patients with anxiety related to advanced
cancer.®! Although significant treatment effects were not
demonstrated in this pilot study, there were statistical trends
suggesting a positive effect of psilocybin on mood. The low dose
used may have limited efficacy in this study. Additional clinical
trials are currently under way in cancer patients.

Effects of non-classic hallucinogens on mood and anxiety

Ketamine produces rapid and robust antidepressant effects in
patients with treatment-resistant major depression and bipolar
depression.®59? These effects last a week or more, and may be
related to increased activity at AMPA receptors relative to NMIDA
receptors.”>*¥ Interestingly, stronger antidepressant effects are
found in those with family history of alcohol dependence.*!
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MDMA is not a classic hallucinogen as it does not have
significant affinity for SHT2A receptors.”® It acts primarily by
causing presynaptic release of serotonin and dopamine, although
some of its effects appear to be mediated by increased activity of
serotonin at 5HT2A and other serotonin receptors.”® It has
strong stimulant effects, and has effects on perception and cog-
nition that are much less prominent than those of the classic
hallucinogens.””?® In addition, some investigators believe that
it has ‘empathogen’ effects that are distinct from those of both
stimulants and classic hallucinogens.” In a double-blind placebo
controlled pilot study investigating the efficacy of MDMA in the
treatment of PTSD, 20 individuals diagnosed with PTSD (12 partici-
pants in the MDMA group and 8 individuals in the placebo group)
took part in 2 drug administration sessions and 11 psychotherapy
sessions."° The MDMA group showed 83% clinical response to
treatment compared to 25% in the placebo control group at
follow-up two months after the second drug administration session
(Clinical response was defined as greater than 30% improvement
from baseline on the Cardiff Anomalous Perceptions Scale
(CAPS)).l1%

Relevance of mood and anxiety to addiction

Mood and anxiety disorders increase the risk of substance use
disorders. Data from the NESARC study demonstrated strong
associations between substance use disorders and mood and
anxiety disorders."®" For example, the odds ratio for alcohol
dependence and any mood disorder was 4.1, and the odds ratio
for alcohol dependence and any anxiety disorder was 2.6. The
odds ratio for drug dependence and any mood disorder was
12.5, and that for drug dependence and any anxiety disorder
was 6.2. The temporal sequencing of these disorders is variable
and probably differs depending on the particular disorders being
considered, making it difficult to generalize about the direc-
tion of causal relationships.'°>7'% Although the self-medication
hypothesis''® is a common explanation, the actual processes
accounting for this comorbidity have been elusive.

Negative affective states are established as a risk factor for re-
lapse.['%""%1 To the extent that addictive behaviour is driven by
mood and anxiety symptoms, one would expect that decreasing
such symptoms would increase the probability of improvement
in addictive behaviours. There is some evidence that treatment
of anxious alcoholics with buspirone has beneficial effects on
drinking behaviour."'? Although animal studies have supported
the use of antidepressants to decrease ethanol consumption,’ !
studies of antidepressant treatment in depressed alcoholics
and drug addicts have yielded mixed results, """ possibly
due to the limited effectiveness of antidepressants in these popu-
lations. A meta-analysis by Nunes and Levin reported a modest
positive effect of antidepressants in the treatment of patients
with comorbid depressive and substance-use disorders."'" An-
other meta-analysis assessed the efficacy of antidepressants in
the treatment of substance use disorders with and without
comorbid depression."’” The use of antidepressants to treat
substance use disorders was supported only for nicotine depen-
dence, regardless of comorbid depression diagnosis. The authors
concluded the use of antidepressants to treat alcohol depen-
dence without comorbid depression was not justified, while,
the use of antidepressants to treat cocaine dependence without
comorbid depression was inconclusive."'® The authors further
concluded that evidence on the use of antidepressants to
treat alcohol, opioid, or cocaine dependence with comorbid

depression was mixed, and future studies were warranted.!"'”

In a review of treatment for cocaine dependence and depression,
Rounsaville noted negative results were found in studies assessing
selective serotonin reuptake inhibitors (SSRIs), while some positive
findings were found in studies using desipramine or buproprion.!'%”
Further details on the use of serotonergic agents in alcoholism are
found in the section on craving below.

Personality
Effects of classic hallucinogens on personality

Many of the initial hallucinogen studies reported changes on
measures of personality following hallucinogen administration.
Important work from the 1960s in this area is summarized in
the introduction to this paper. There has been minimal research
in the past 20years investigating these mechanisms. However,
Maclean et al. recently reported changes in personality following
a single session of psilocybin."' More specifically, the dimen-
sion of Openness was increased (M=+2.8, F(1, 51)=5.47,
p=0.023, n§=0.10) in individuals who achieved a complete
mystical experience. At a 16-month follow-up Openness remained
significantly higher than at baseline.""* These findings support
the hypothesis that administration of classic hallucinogens can
produce positive changes in personality.

Relevance of personality to addiction

Although there is no such thing as an ‘addictive personality’, specific
patterns of personality traits have been observed in substance-using
populations. A recent meta-analysis of 20 studies found alcohol use
was associated with increased Neuroticism and decreased Conscien-
tiousness and Agreeableness!'™ In another recent meta-analysis,
the authors characterized the substance use disorder profile as low
in Conscientiousness and Agreeableness, with relatively weak
effects on Neuroticism and Extraversion."'® In a sample of 2676
male veterans seeking substance abuse treatment, substance users
were more neurotic (88th percentile), less open (39th percentile) less
agreeable, and less conscientious (both below the 20th percentile)
than a non-clinical normative sample."'”! Additional recent studies
have provided further evidence for the association of addiction with
decreased conscientiousness,” '®'" increased extraversion,'812%!
increased neuroticism,""® and decreased openness!''® A 16-year
prospective study (n=489 college freshmen) also demonstrated
that increases in conscientiousness and decreases in neuroticism
over time were associated with decreases in drinking problems./'?"
These personality traits have generally been thought of as contri-
buting causally to risk for substance use disorders. However these
studies are correlational and cannot rule out the possibility that
these traits were at least in part induced by substance use and
improve due to abstinence.

Personality traits in patients with addictions may be affected
by treatment and affect treatment outcome. Piedmont assessed
personality change among patients completing drug rehabilita-
tion. Personality changes on all five domains of personality were
observed at completion of treatment when compared to base-
line."?? Changes in Neuroticism, Agreeableness, and Conscien-
tiousness remained significantly different from baseline at a
follow-up visit approximately 15months after treatment.’??
Bottlender and Soyka assessed personality traits in 74 patients
that had completed substance use treatment.l'?®! Patients who
had relapsed at the six-month follow-up visit (20% of the sample)
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had significantly lower scores on Conscientiousness (t=—2.049,
P < 0.04) and Extroversion (t=1.729, P < 0.01) at the beginning of
treatment."?* Conscientiousness was lower (t=—2.092, p < 0.04)
and Neuroticism was higher (t=2.250, P < 0.02) in those who had
relapsed at 12 months.["®* In another study of personality change
during recovery from addiction, personality factors associated with
treatment completion and drop-out were assessed. Patients who
dropped out of treatment scored significantly lower on the Tem-
perament and Character Inventory (TCI) scales Persistence and
Novelty-Seeking at the start of treatment."** Women who com-
pleted treatment showed a significant reduction in Neuroticism
and Harm Avoidance, and a significant increase in Self-Directedness
following treatment.'>%

Finally, personality traits appear to have significant relationships
to constructs more directly related to addictive behaviour, such as
craving and self-efficacy. Zilberman et al. assessed the impact of
‘personality styles’ on self-reported craving in an all-female
sample.'*! Craving scores were significantly correlated with
factors on the NEO (Conscientiousness (standardized f§=—.285;
p=0.005), and Agreeableness (standardized f=—.215; p=0.017))
and factors on the TCl (Novelty-Seeking (standardized ff=.315;
p <0.001) and Persistence (standardized f=—.221; p=0.013)).
All of these traits are associated with impulsivity.'**) McCormick
et al. examined the relationship of personality dimensions to
response to substance use ‘triggers’, self-efficacy, and coping
strategies.!"'” Neuroticism, Conscientiousness, Agreeableness, and
Extroversion were all correlated with response to specific substance
use triggers including negative emotional states, social rejection
and tension.!""”? Higher levels of Conscientiousness, Agreeableness,
and Extroversion were associated with greater confidence in the
ability to refrain from substance use!''”! Neuroticism, however,
was associated with a lack of confidence to refrain from using."'”!
Individual personality dimensions were also significantly related to
specific coping styles. Specifically, Neuroticism was positively
associated with escape-avoidant coping."'”’ A more recent study
similarly found that the strategy of coping through substance
use was positively associated with Neuroticism (r=.28) and
negativel)[/ as]sociated with Agreeableness and Conscientiousness,
(r=—.18).l"*°

Established change mechanisms in addiction

A variety of mechanisms have been proposed to mediate recov-
ery from addictions. Three mechanisms that are well-established
and potentially modifiable through therapeutic use of classic hal-
lucinogens are reduced craving, enhanced self-efficacy, and
increased motivation. Below we discuss how these mechanisms
are thought to function, and how they could in principle be
activated as a result of hallucinogen treatment. Social support for
abstinence vs. drinking is another well-established change mecha-
nism, particularly in the context of AA"?” This mechanism will not
be discussed here because clinical administration of hallucinogens
could affect social networks only very indirectly. However, social
support for abstinence could be important in the context of reli-
gions that use hallucinogens sacramentally given the strong value
they place on abstinence.

Craving and its brain correlates

Craving is a multi-dimensional construct which includes motiva-
tional, affective and cognitive components.'?®! Craving research

typically elicits the craving phenomenon via exposure to stimuli
that increase relapse risk including: stress, a priming dose of the
substance of abuse, or stimuli associated with the substance.
Neuroimaging approaches studying the effect of such stimuli
on brain activity have demonstrated a variety of changes in the
response of drug and alcohol addicts’ brains to these stimuli,
which are related to craving and contribute to relapse.'2%13%
Many (though not all) studies have demonstrated a positive rela-
tionship between craving intensity and relapse.['2%128131-13%)

Neuronal pathways associated with craving have been
assessed through animal research and neuroimaging techniques
in humans. Research has identified several brain regions believed
to comprise the brain’s reward system, including the ventral
striatum and nucleus accumbens. Several neurotransmitter
systems associated with the brain’s reward system, the dopami-
nergic, glutamatergic, opioidergic, and serotonergic systems,
are believed to play a role in the phenomenon of craving and
response to drug cues.'*4'3” Dopamine release in the mesolimbic
dopamine reward system, in particular the nucleus accumbens, has
been observed following administration of all drugs of abuse,!>®
although there have been PET studies that failed to find this effect
with administration of opioids'*®! or alcohol."** Notably, cues
associated with the drug can also elicit this increase in dopamine.
It is believed that the mesolimbic dopamine system is responsible
for the ‘wanting’ process associated with the reward system.'*®
The striato-thalamo-orbitofrontal circuit has been implicated in
goal-directed behaviour and may also be relevant for addiction./*®’
Cues associated with the drug of abuse cause increases in brain
dopamine levels through classical conditioning. Dopamine draws
the person'’s attention to events that predict a reward to follow."'*"!
If the anticipated reward does not follow the cue, there is an acute
decrease in dopamine release.'*® Serotonergic neurotransmission
is involved in the modulation of craving.l'*”'#'1%2! Serotonin may
also play a role in the attentional processes associated with addic-
tion, and attentional bias towards the drug and related cues could
play a significant role in craving and relapse.""*” The serotonergic
system regulates motivational and appetitive behaviours
that may contribute to addiction."** Serotonin regulates reward-
related behaviours and is as important in reward processing as
dopamine."** Serotonin also plays an important role in impulse
control and inhibitory processes that are impaired in addiction.!'**’
Medications that increase central serotonergic activity could
theoretically reduce craving and relapse."** In the animal models
of alcohol abuse and dependence, ethanol consumption decreased
as serotonergic activity increased, and consumption increased with
reductions in serotonergic activation.''?!

Serotonergic drugs have been studied extensively in the
treatment of alcoholism. SSRI antidepressants, although not
effective in the treatment of alcoholism!™*¢~'*®! except for
possibly some type A alcoholics!'*® and those with co-occurring
depression,*® appear to decrease craving for alcohol under
some circumstances. SSRIs appeared to reduce craving in heavy
drinkers and mildly alcohol dependent subjects in short-term
studies,”">""*" but longer-term studies in more severely
alcohol-dependent samples have not demonstrated such
effects.['*6148) Other serotonergic agents have been shown to
reduce overall drinking but not craving.'"**' Ondansetron, a
5HT3 antagonist, has been shown to improve drinking outcomes
in early-onset alcoholics and those with the LL genotype of the
serotonin transporter.">>">®! Ondansetron was found to reduce
craving in early onset alcoholics but to increase craving in late
onset alcoholics.!"*”!
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How hallucinogen treatment could work to reduce craving

Past clinical trials have not reported on the effects of classic
hallucinogens on alcohol or drug craving, and future trials should
include assessment of craving to determine whether there is
an effect. At present we can only speculate as to possible
mechanisms by which craving could be diminished. Stimulation
and persistent activation of serotonergic pathways could affect
craving by diminishing attentional bias, normalizing stress
response, improving mood, or diminishing anxiety. Persisting
brain changes induced by acute brain stimulation during
intoxication could modify established patterns of response in
brain networks underlying craving. The treatment could
potentially disrupt conditioned responses or otherwise alter the
individual’s response to drug cues leading to reduced craving
and consequently a reduction in likelihood of relapse.
Additionally it is possible personality changes could affect
craving as personality has previously been linked to craving.l'*!

Self-efficacy

According to Bandura, efficacy expectancy is the ‘conviction that
one can successfully execute behaviour required to produce the
outcomes'["*® Self-efficacy provides a means to predict and
understand psychological changes that occur during treatment.
Bandura concluded that self-efficacy beliefs ‘determine’ how
people feel, think, motivate themselves, and behave'*® Bandura
identified four processes in which self-efficacy beliefs accom-
plished the above: cognitive, motivational, affective, or selective
processes."®” |n alcohol treatment, Bandura suggested one must
‘address client’s sense of efficacy to control drinking and their
outcome expectancies about how they weight benefits of sobriety
against costs of severing activities and friends associated with a
drinking lifestyle’.

Research on change processes in addiction confirms that the
individual’s belief in his or her own ability to stop using the drug
is a significant predictor of treatment outcome. In a recent review
of self-efficacy and addiction, Kadden and Litt remarked that
many studies have demonstrated a strong relationship between
self-efficacy and substance use outcomes."®"’ The quantity and
frequency of alcohol or drug consumed has been predicted by
self-efficacy, suggesting that self-efficacy could be a mediator in
treatment.'®"? Qei et al. found that drinking refusal self-efficacy
was a significant predictor of alcohol consumption in a commu-
nity sample, while general self-efficacy was a significant predictor
of drinking in a clinical sample.!"®? Abstinence self-efficacy was a
strong predictor of alcohol use one year following alcohol treat-
ment in Project MATCH.!"®3! Additionally, self-efficacy was found
to be a partial mediator in the effect of AA attendance and
consequently, abstinence.!"®¥

One of the guiding principles of Motivational Interviewing is
supporting self-efficacy. Bandura identified four ways in which
self-efficacy affects motivation. Self-efficacy beliefs determine
what goals the individual sets, the amount of energy expended
on the goal, the amount of time spent on achieving the goal
despite challenges, and resilience to failure."*® Thus, enhanced
self-efficacy could result in improved motivation for abstinence.

How hallucinogen treatment could work to enhance self-efficacy

There are several possible pathways by which hallucinogenic
drug administration could lead to enhanced self-efficacy. Having
had a mystical experience may encourage the subject to be

accepting of the possibility of change. As previously mentioned,
self-efficacy has been associated with specific personality
dimensions."'” Conscientiousness, Extroversion, and Agreeable-
ness were positively associated with confidence to refrain from sub-
stance use, while Neuroticism was negatively associated with ability
to refrain from substance use."'” Thus, personality changes could
reduce substance use by increasing self-efficacy. Improved mood
could also promote a generally more optimistic outlook in which
self-efficacy is enhanced. According to Bandura, positive mood
enhances one’s perception of self-efficacy, while negative mood
reduces one’s perception of self-efficacy.!">”

Motivation to change

DiClemente et al. define ‘motivation’ as referring to ‘the causes,
considerations, reasons, and intentions that move individuals to
perform certain behaviours or sets of behaviour.!'®® Further,
‘Motivation influences patients to seek, complete and comply
with treatment and to make successful long term changes in
drinking.” According to the Transtheoretical Stages-of-Change
Model, intentional behaviour change is a multi-dimensional
process. This process involves stages of change that can be
conceptualized as a temporal dimension with inherent motiva-
tional components.["®>'%! A second dimension of change involves
10 (or 12) identifiable processes that promote movement through
the stages of change.!'®>"%®! The third dimension of change is levels
of change, which includes complicating problems in different
areas of the individual's life'®® Processes hypothesized to
potentially be invoked during treatment include: consciousness
raising, self-reevaluation, self-liberation, dramatic relief, and
environmental reevaluation.'® According to the theory of
cognitive dissonance, when an individual’s values conflict with
behaviour, the individual experiences a drive to reduce the conflict
by changing attitudes, beliefs or behaviours."®” This concept is
also applied during Motivational interviewing (Ml).

MI and motivational enhancement therapy (MET) are empiri-
cally based interventions used in substance abuse treatment that
rely on increasing the individual's motivation to change their
behaviours and become sober. Behavioural change is elicited
through a process of exploration and eventual resolution of
ambivalence regarding the behaviour to be changed."'®® Rollnick
and Miller defined the technique as a ‘.. .directive client-centred
counselling style for eliciting behaviour change by helping clients
to explore and resolve ambivalence’!"®® The style of motivational
interviewing is used in MET, which is a brief structured therapy
based on MI. A specific active ingredient of Ml appears to be the
eliciting of client speech in favour of change (called ‘change
talk),""*” including statements of desire, ability, reason, need, and
commitment to change.'””

How hallucinogen treatment might work to increase motivation

Hallucinogen treatment could enhance motivation through
several of the processes described above, including mystical
experience, personality change, and enhanced self-efficacy. It is
possible that aspects of the subjective experience during halluci-
nogen intoxication (e.g. mystical or other novel psychological
experiences or insights) can lead to increased motivation to
change through (1) increased belief in the possibility of change
(enhanced self-efficacy), (2) a heightened awareness of negative
consequences leading to increased motivation to change, or (3)
a change in perspective leading to increased desire to change.
During the hallucinogen session, the individual's own desires
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related to sobriety might become more salient, and the discrep-
ancy between his or her values and goals and substance use be-
haviour could become more apparent. Further, the individual’s
outlook on life, his place in his environment, his values, etc., could
be altered during and after the session.

Relevant research using non-classic halluci-
nogens in the treatment of addiction

Ibogaine

Ibogaine is an hallucinogenic alkaloid found in several plants, most
notably in the root of the Tabernanthe iboga, used for medicinal
and spiritual purposes by the indigenous people of Western
Africa.l"”" Ibogaine is not a classic hallucinogen by our definition
because although it acts at 5HT2 and 5HT3 receptors, it also inhibits
the serotonin transporter and acts at NMDA, mu, kappa and sigma
opioid, and muscarinic and nicotinic cholinergic receptors.'”?
Ibogaine attracted the interest addiction researchers when heroin
addicts reported that they lost the desire to use heroin after
taking ibogaine. Although initial preclinical and clinical results
in the treatment of opioid withdrawal were encouraging, this
line of research was eventually discontinued due to toxicity
concerns.l"”2171 Currently there is interest in developing related
molecules that are less toxic.'’%"7*!

Preclinical work suggests that ibogaine may have anti-addictive
effects across several classes of drugs."”"'? Ibogaine adminis-
tration was associated with reduced self-administration of
morphine and cocaine and was found to reduce motor activity
elevated following administration of stimulants. Ibogaine has also
shown potential in animal models of alcoholism. Reduced ethanol
self-administration in rats following administration of ibogaine
has been shown to be mediated via increased GDNF in the ventral
tegmental area."”® Noribogaine, but not the ibogaine derivative
18-MC, appears to have similar mechanism of action.”"”” Preclinical
research suggests GDNF may be a potential target for future
pharmacological interventions for addiction.*78-180]

Ketamine

A second promising non-classic hallucinogen in the treatment of
addiction is ketamine. Ketamine has been investigated in Russia
as a potential treatment for both alcohol dependence and heroin
dependence. Although ketamine is an NMDA receptor antagonist
rather than a classic hallucinogen, recent research reveals consider-
able overlap in the brain effects of these two classes of drugs.*? In
a controlled but non-randomized study, alcohol-dependent
subjects who volunteered to receive ketamine-assisted psycho-
therapy (ketamine 2.5mg/kg IM, a dose producing prominent
hallucinogen effects) showed significantly higher rates of
abstinence at one year (73/111 =65.8%) than those receiving usual
care in the same facility (24/100=24%)."®"" The psychotherapy
used in this study included aspects of both existential psycho-
therapy (focused on meaning and purpose) and psychodynamic
psychotherapy (seeking to discover unconscious roots of the
alcohol problem), and emphasized the importance of having a
strong psychedelic experience. The ketamine sessions also
included exposure to the smell of alcohol during the height of
the experience, which was intended to increase the participant’s
aversion to alcohol. In a randomized, double-blind trial (n=70),
heroin-dependent patients assigned to a single session of ketamine
2mg/kg IM had significantly higher abstinence rates over

24 months of follow-up than those who received a lower,
mildly psychoactive dose."®? Both groups showed significantly
decreased depression and anxiety for at least six months, but parti-
cipants in the high-dose condition demonstrated greater and more
enduring reductions in heroin craving. In a second study (n=53),
patients receiving 2 or 3 ketamine sessions had higher abstinence
rates over one year of follow-up (50% continuous abstinence at
one year) than those who received one session (22% continuous
abstinence).'®® The therapy used in these heroin studies did not
include exposure to drug-related stimuli during the experience.
Off-label use of ketamine for alcohol dependence has been
reported in the USA, but quantitative outcome data are not
available.'®¥

Discussion

Recent research has demonstrated that administration of halluci-
nogens can mobilize biological and psychological processes that
are relevant to addictions and provide possible mechanisms by
which these drugs could promote recovery when administered
in an environment and therapeutic context designed to
maximize the therapeutic effects of the experience. In particular,
mystical experiences can be reliably produced and lead to
persisting changes in mood, personality, and behaviour. Animal
models of hallucinogen effects provide mechanisms by which
classic hallucinogen administration could produce persisting
neural changes that could underlie such psychological change.
Clinical studies of hallucinogens in other classes (ketamine and
ibogaine) indicate probable anti-addictive effects, although
further studies would be necessary to confirm these findings
and determine their clinical significance. Recent human research
with classic hallucinogens also demonstrates that they can be
used safely in the context of clinical research.'®>

In spite of these advances, the current generation of research
on classic hallucinogens does not yet include clinical studies in
addiction populations, and therefore has not yet produced any
new direct evidence of clinically relevant effects on addictions.
Pilot studies currently underway in nicotine dependence and
alcohol dependence will provide a first step in addressing these
questions using modern clinical trials technology and building
on the current generation of human and basic research on classic
hallucinogens.

Conceptual model for research on addiction treatment using
classic hallucinogens

Given the relative lack of objective information about the clinical
effects of classic hallucinogens in addiction treatment, we have
developed a model including possible mechanisms and path-
ways of action through which administration of an hallucinogen
might lead to reduced substance use. Although it is unlikely that
all of the elements of this model will ultimately be found to have
significant relationships, the paths in this model represent
testable hypotheses which can be examined and confirmed or
rejected in turn. Figure 1 provides a model including four levels:
the treatment and its context, the acute effects of the treatment,
persisting general effects of the treatment, and specific end
effects that are directly related to changes in addictive behaviour.

The treatment situation will necessarily include the hallucino-
genic substance, the patient, and the setting in which the
hallucinogen is administered. The specific substance used, the
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‘ Reduced Substance Use |

Figure 1. Model of Possible Change Mechanisms in Hallucinogen-
Assisted Treatment of Addictions.

dose, and the mode of administration are all obviously important
determinants of the experience and its effects. Given the
variability in experience induced by hallucinogens it is believed
patient characteristics as well as the setting in which the experi-
ence occurs can influence the experience for the participant.!!
The individual characteristics of the participant, including the
participant’s mental set prior to drug administration, particular
psychological characteristics and personal history, as well as
physiological and genetic factors will influence how the partici-
pant responds to the treatment. Lastly, the setting in which the
hallucinogen is administered will affect the treatment outcome.
The therapeutic model employed, the physical environment in
which the hallucinogen is administered, and the therapists
present during the administration are all relevant variables.

The acute effects induced by the hallucinogen-assisted
treatment have a physiological dimension - the direct effect of
the intervention on the brain; and a psychological dimension —
the subjective experience reported by the individual. These
effects are measured and described by different methodologies
although they relate to a common underlying process. Although
it is not possible to separate psychological effects from the
underlying brain activity, explanatory models based on the for-
mer higher-level effects may be at least as useful as more basic
explanations, in the same way that chemistry and electro-
physiology may provide a more useful model of brain activity
than that provided by physics alone. The acute brain effects
include direct effects mediated by serotonin receptors and
secondary effects on glutamate receptors. The acute psychological
effects include mystical experiences and other intense psychological
experiences which are often held as highly meaningful by those
who experience them.

The acute effects could lead to a variety of potential persisting
effects that are of relevance to eventual changes in addictive
behaviour. We have reviewed evidence that administration of
hallucinogens can result in persisting improvement in mood
and reduction in anxiety, changes in beliefs and values, and
even personality changes. These psychological changes would
necessarily be associated with persisting brain effects (neuroplastic
changes and functional changes), although there are currently no
data on persisting changes in brain structure or function in humans
undergoing hallucinogen-facilitated treatment.

Drug Testing
and Analysis

In the proposed model, reduced substance use results via
several possible final mechanisms of change, including de-
creased craving, enhanced self-efficacy, and increased motivation
(problem recognition , desire and commitment to change). These
particular mechanisms were chosen because their role in
recovery from addiction is well established, and it is plausible that
any of them could result from the persisting changes that are
hypothesized. However, no one has yet studied the effects of
hallucinogen treatment on craving, self-efficacy, and motivation
in patients with addictions.

Conclusions

Evidence has converged from several lines of research in recent
years to suggest that hallucinogenic drug experiences can be
safely facilitated in a relatively structured supportive setting,
and that such carefully tailored and purposeful experiences (as
opposed to misuse or ‘recreational’ use) may produce persisting
beneficial change. In particular, the mystical dimensions of these
experiences appear to be related to positive outcomes. Persisting
personality changes have been demonstrated as well. Advances
in the basic science of hallucinogens provide plausible mecha-
nisms by which hallucinogens could produce persistent change.
Clinical studies with classic and non-classic hallucinogens indi-
cate that these substances may have clinically relevant effects
on depression and anxiety, and non-classic hallucinogens have
shown promise in early-phase trials in drug and alcohol depen-
dence. Several change mechanisms established in the addiction
treatment literature are plausible candidate mediators of hallucino-
gen effects on addictive behaviour. These recent developments,
taken together with the older literature, provide a convincing ratio-
nale for further research into the question of whether classic hallu-
cinogens have clinically relevant effects on addictive behaviour,
and if so whether they can be used clinically to improve treatment
response among patients with addictions.

Of course this question contains within it many questions.
There are many classic hallucinogens, many drugs of abuse,
and many types of patients with each substance use disorder.
There are also many treatment approaches that could be used
with administration of hallucinogens. Among the causal change
mechanisms discussed in this paper (and possibly others not
even considered) different mechanisms of change could operate
in different types of patients. Consequently, outcomes may vary
dramatically from study to study depending on the drug, the
therapeutic model, and the characteristics of the participants.
We hope that the evidence reviewed in this paper and the
conceptual model presented will be of use to those formulating
more specific hypotheses regarding therapeutic effects of classic
hallucinogens on substance use disorders, and designing and
conducting studies to test these hypotheses.

References

[1] D. E. Nichols. Hallucinogens. Pharmacol. Therapeut. 2004, 101, 131.

[2] L. Grinspoon, J. B. Balakar. Psychedelic Drugs Reconsidered, The
Lindesmith Center, New York, 1997.

[3]1 S. Grof. LSD Psychotherapy, Multidisciplinary Association for Psy-
chedlic Studies, Ben Lomond, CA, 2008.

[4] H.Leuner. Present state of psycholytic therap y and its possibilities,
in The Use of LSD in Psychotherapy and Alcoholism, (Ed: H. A.
Abramson), Bobbs-Merrill, Indianapolis, 1967, pp. 101.

Drug Test. Analysis 2012, 4, 543-555

Copyright © 2012 John Wiley & Sons, Ltd.

wileyonlinelibrary.com/journal/dta




Drug Testing
and Analysis

M. P. Bogenschutz and J. M. Pommy

[12]
[13]
[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]
[30]

[31]

[32]

J. Buckman. Theroetical aspects of LSD therapy, in The Use of LSD in
Psychotherapy and Alcoholism, (Ed.: H. A. Abramson), Bobbs-Merrill,
Indianapolis, 1967, pp. 83.

A. Hoffer. A program for treatment of alcoholism: LSD, malvaria, and
nicotinic acid, in The Use of LSD in Psychotherapy and Alcoholism,
(Ed.: H. A. Abramson), Bobbs-Merrill, Indianapolis, 1967, pp. 343.

J. N. Sherwood, M. J. Stolaroff, W. W. Harman. The psychedelic
experience-a new concept in psychotherapy. J. Neuropsychiatr.
1962, 4, 69.

S. M. Unger. Mescaline, Lsd, Psilocybin, and Personality-Change - a
Review. Psychiatry 1963, 26, 111.

W. Mcglothlin, S. Cohen, M. S. Mcglothlin. Long Lasting Effects of
Lsd on Normals. Arch. Gen. Psychiat. 1967, 17, 521.

R. E. Mogar, C. Savage. Personality-Change Associated with Psychedelic
(Lsd) Therapy - a Preliminary-Report. Psychother-Theor. Res. 1964, 1, 154.
C. Savage, J. Fadiman, R. Mogar, M. H. Allen. The effects of psychedelic
(LSD) therapy on values, personality, and behavior. Int. J. Neuropsychiatry
1966, 2, 241.

J. H. Bottrill. Personality change in LSD users. J. Gen. Psychol. 1969,
80, 157.

F. S. Abuzzahab Sr, B. J. Anderson. A review of LSD treatment in
alcoholism. Int. Pharmacopsychiat. 1971, 6, 223.

J.H. Halpern. The use of hallucinogens in the treatment of addiction.
Addict. Res. 1996, 4, 177.

M. Mangini. Treatment of alcoholism using psychedelic drugs: a re-
view of the program of research. J. Psychoactive Drugs 1998, 30,
381.

E. Dyck. ‘Hitting Highs at Rock Bottom’: LSD Treatment for Alcohol-
ism, 1950 1970. Soc. Hist. Med. 2006, 19, 313.

C. Savage, O. L. McCabe. Residential psychedelic (LSD) therapy for
the narcotic addict. A controlled study. Arch. Gen. Psychiat. 1973,
28, 808.

S. Grof, R. A. Soskin, W. A. Richards, A. A. Kurland. DPT as an adjunct
in psychotherapy of alcoholics. Int. Pharmacopsychiat. 1973, 8, 104.
J. C. Rhead, R. A. Soskin, I. Turek, W. A. Richards, R. Yensen, A. A.
Kurland, et al. Psychedelic drug (DPT)-assisted psychotherapy with
alcoholics: a controlled study. J. Psychedelic Drugs 1977, 9, 287.

T. S. Krebs, P. O. Johansen. Lysergic acid diethylamide (LSD) for
alcoholism: meta-analysis of randomized controlled trials. J. Psycho-
pharmacol. 2012, DOI: 10.1177/0269881112439253

W. R. Miller, P. L. Wilbourne. Mesa Grande: a methodological
analysis of clinical trials of treatments for alcohol use disorders.
Addiction 2002, 97, 265.

R. G. Smart, T. Storm, E. F. Baker, L. Solursh. A controlled study of
lysergide in the treatment of alcoholism. 1. The effects on drinking
behavior. Q. J. Stud. Alcohol 1966, 27, 469.

L. E. Hollister, J. Shelton, G. Krieger. A controlled comparison of
lysergic acid diethylamide (LSD) and dextroamphetmine in
alcoholics. Am. J. Psychiat. 1969, 125, 1352.

A. Ludwig, J. Levine, L. Stark, R. Lazar. A clinical study of LSD treat-
ment in alcoholism. Am. J. Psychiat. 1969, 126, 59.

W. T. Bowen, R. A. Soskin, J. W. Chotlos. Lysergic acid diethylamide
as a variable in the hospital treatment of alcoholism: a follow-up
study. J. Nerv. Ment. Dis. 1970, 150, 111.

W. N. Pahnke, A. A. Kurland, S. Unger, C. Savage, S. Grof. The experi-
mental use of psychedelic (LSD) psychotherapy. JAMA 1970, 212,
1856.

M. Tomsovic, R. V. Edwards. Lysergide treatment of schizophrenic
and nonschizophrenic alcoholics: a controlled evaluation. Q. J. Stud.
Alcohol 1970, 31, 932.

M. W. Johnson, R. R. Griffiths. Psilocybin in smoking cessation: A
pilot study, in 718th Annual Meeting of the American Psychological
Association, San Diego, CA, 2010.

T. S. Ray. Psychedelics and the Human Receptorome. PLoS One
2010, 5, e9019.

W. E. Fantegrossi, K. S. Murnane, C. J. Reissig. The behavioral phar-
macology of hallucinogens. Biochem. Pharmacol. 2008, 75, 17.

R. A. Glennon. Pharmacology of classical hallucinogens and related
designer drugs, in Principles of Addiction Medicine, fourth edn,
(Eds: R. K. Ries, D. A. Feillin, S. C. Miller, R. Saitz), Lippincott, Williams,
and Wilkins, Philadeophia, PA, 2009, pp. 215.

F. X. Vollenweider, M. Kometer. The neurobiology of psychedelic
drugs: implications for the treatment of mood disorders. Nat. Rev.
Neurosci. 2010, 11, 642.

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]
[51]
[52]

[53]

M. V. Puig, P. Celada, L. az-Mataix, F. Artigas. In vivo modulation
of the activity of pyramidal neurons in the rat medial prefrontal
cortex by 5-HT2A receptors: relationship to thalamocortical affer-
ents. Cereb. Cortex 2003, 13, 870.

J. C. Beique, M. Imad, L. Mladenovic, J. A. Gingrich, R. Andrade.
Mechanism of the 5- hydroxytryptamine 2A receptor mediated
facilitation of synaptic activity in prefrontal cortex. P. Natl. Acad.
Sci. USA 2007, 104, 9870.

F. X. Vollenweider, M.F. Vollenweider-Scherpenhuyzen, A. Babler,
H. Vogel, D. Hell. Psilocybin induces schizophrenia-like psychosis in
humans via a serotonin-2 agonist action. Neuroreport 1998, 9, 3897.
C. Zhang, G. J. Marek. AMPA receptor involvement in 5 hydroxytryp-
tamine2A receptormediated pre-frontal cortical excitatory synaptic
currents and DOl-induced head shakes. Prog. Neuro-Psychop. 2008,
32, 62.

C. L. Schmid, L. M. Bohn. Serotonin, but not N methyltryptamines,
activates the serotonin 2A receptor via a ss arrestin2/Src/Akt signal-
ing complex in vivo. J. Neurosci. 2010, 30, 13513.

C. L. Schmid, K. M. Raehal, L. M. Bohn. Agonist-directed signaling of
the serotonin 2A receptor depends on beta-arrestin-2 interactions
in vivo. P. Natl. Acad. Sci. USA 2008, 105, 1079.

J. Gonzalez-Maeso, N. V. Weisstaub, M. Zhou, P. Chan, L. Ivic, R. Ang,
et al. Hallucinogens recruit specific cortical 5-HT(2A) receptor-
mediated signaling pathways to affect behavior. Neuron 2007, 53,
439.

J. L. Moreno, T. Holloway, L. Albizu, S. C. Sealfon, J. Gonzalez-Maeso.
Metabotropic glutamate mGlu2 receptor is necessary for the
pharmacological and behavioral effects induced by hallucinogenic
5 HT2A receptor agonists. Neurosci Lett 2011, 493, 76.

F. X. Vollenweider, P. Vontobel, D. Hell, K. L. Leenders. 5-HT modu-
lation of dopamine release in basal ganglia in psilocybin-induced
psychosis in man-a PET study with [11C raclopride. Neuropsycho-
pharmacol. 1999, 20, 424.

M. Tsuchioka, M. Takebayashi, K. Hisaoka, N. Maeda, Y. Nakata.
Serotonin (5-HT) induces glial cell line-derived neurotrophic factor
(GDNF) mRNA expression via the transactivation of fibroblast
growth factor receptor 2 (FGFR2) in rat C6 glioma cells. J. Neuro-
chem. 2008, 106, 244.

V. A. Vaidya, G. J. Marek, G. K. Aghajanian, R. S. Duman. 5-HT2A
receptor-mediated regulation of brain-derived neurotrophic factor
mRNA in the hippocampus and the neocortex. J. Neurosci. 1997,
17, 2785.

U. E. Ghitza, H. Zhai, P. Wu, M. Airavaara, Y. Shaham, L. Lu. Role of
BDNF and GDNF in drug reward and relapse: a review. Neurosci.
Biobehav. R. 2010, 35, 157.

N. S. Buckholtz, D. F. Zhou, D. X. Freedman, W. Z. Potter. Lysergic
acid diethylamide (LSD) administration selectively downregulates
serotonin2 receptors in rat brain. Neuropsychopharmacol. 1990, 3,
137.

P. J. Gresch, R. L. Smith, R. J. Barrett, E. Sanders-Bush. Behavioral
tolerance to lysergic acid diethylamide is associated with reduced
serotonin-2A receptor signaling in rat cortex. Neuropsychopharmacol.
2005, 30, 1693.

K. A. Jones, D. P. Srivastava, J. A. Allen, R. T. Strachan, B. L. Roth,
P. Penzes. Rapid modulation of spine morphology by the 5-HT2A
serotonin receptor through kalirin-7 signaling. P. Natl. Acad. Sci.
USA 2009, 706, 19575.

T. Leary, G. H. Litwin, R. Metzner. Reactions to Psilocybin Adminis-
tered in a Supportive Environment. J. Nerv. Ment. Dis. 1963, 137,
561.

W. N. Pahnke, A. A. Kurland, S. Unger, C. Savage, S. Grof. The exper-
imental use of psychedelic (LSD) psychotherapy. Int. Z. Klin. Phar-
makol. Ther. Toxikol. 1971, 4, 446.

W. James. The Varieties of Religious Experience, Harvard University
Press, Cambridge, MA, 1902.

W. T. Stace. Mysticism and Philosophy, Lippincott, Philadelphia,
1960.

W. N. Pahnke. Psychedelic drugs and mystical experience. Int.
Psychiatry Clin. 1969, 5, 149.

W. A. Richards. Counseling, Peak Experiences and the Human En-
counter with Death: An Empirical Study of the Efficacy of DPT-
Assisted Counseling in Enhancing the Quality of Life of Persons
with Terminal Cancer and their Closest Family Members, Catholic
University of America, Washington, DC, 1975.

wileyonlinelibrary.com/journal/dta

Copyright © 2012 John Wiley & Sons, Ltd.

Drug Test. Analysis 2012, 4, 543-555



Hallucinogens for addictions
|

[54]

[55]

[70]

[71]

[72]

R. R. Griffiths, W. A. Richards, U. McCann, R. Jesse. Psilocybin can oc-
casion mystical type experiences having substantial and sustained
personal meaning and spiritual significance. Psychopharmacology
(Berl) 2006, 187, 268.

R. R. Griffiths, M. W. Johnson, W. A. Richards, B. D. Richards, U.
McCann, R. Jesse. Psilocybin occasioned mystical-type experiences:
immediate and persisting dose-related effects. Psychopharmacol-
ogy (Berl) 2011, 218, 649.

R. W. Hood Jr. The construction and preliminary validation of a
measure of reported mystical experience. J. Sci. Study Religion
1975, 14, 29.

M. J. Baggott, J. D. Siegrist, G. P. Galloway, L. C. Robertson, J. R.
Coyle, J. E. Mendelson. Investigating the Mechanisms of Hallucinogen-
Induced Visions Using 3,4- Methylenedioxyamphetamine (MDA): A
Randomized Controlled Trial in Humans. PLoS One 2010, 5, 13.

T. B. Roberts, P. J. Hruby. Religion and Psychoactive Sacraments: A
Bibliographic Guide, Council of Spiritual Practices, San Francisco,
CA, 1995.

S.J. Kunitz, J. E. Levy. Drinking Careers: A Twenty-Five Year Study of
Three Navajo Populations, Yale University Press, New Haven, CT,
1994.

E. Doering-Silveira, C. S. Grob, M. D. de Rios, E. Lopez, L. K. Alonso,
C. Tacla, et al. Report on psychoactive drug use among adolescents
using ayahuasca within a religious context. J. Psychoactive Drugs
2005, 37, 141.

J. H. Halpern, A. R. Sherwood, T. Passie, K. C. Blackwell, A. J.
Ruttenber. Evidence of health and safety in American members of
a religion who use a hallucinogenic sacrament. Med. Sci. Monit.
2008, 74, SR15.

J. M. Fabregas, D. Gonzalez, S. Fondevila, M. Cutchet, X. Fernandez,
P. C. Barbosa, et al. Assessment of addiction severity among ritual
users of ayahuasca. Drug Alcohol Depen. 2010, 111, 257.

S. Trichter, J. Klimo, S. Krippner. Changes in spirituality among
ayahuasca ceremony novice participants. J. Psychoactive Drugs
2009, 41, 121.

C. W. Ellison. Spiritual well-being: conceptualization of measure-
ment. J. Psychol. Theol. 1983, 11, 330.

W. Pahnke. Drugs and Mysticism: An Analysis of the Relationship
between Psychedelic Drugs and the Mystical Consciousness,
Harvard University, Cambridge, MA, 1963.

H. R. El-Seedi, P. A. De Smet, O. Beck, G. Possnert, J. G. Bruhn.
Prehistoric peyote use: alkaloid analysis and radiocarbon dating
of archaeological specimens of Lophophora from Texas. J.
Ethnopharmacol. 2005, 101, 238.

O. Stewart. The Peyote Religion: A History, University of Oklahoma
Press, Norman, 1987.

B. Meyerhoff. Peyote Hunt, Cornell, Ithaca, NY, 1974.

L. Lu, Y. Liu, W. Zhu, J. Shi, Y. Liu, W. Ling, et al. Traditional Medicine
in the Treatment of Drug Addiction. Am. J. Drug Alcohol Ab. 2009,
35,11.

B. Albaugh, P. Anderson. Peyote in the treatment of alcoholism
among american indians. Am. J. Psychiat. 1974, 131, 4.

J. Garrity. Jesus, peyote, and the Holy People: alcohol abuse and
the ethos of power in Navajo healing. Med. Anthropol. Q. 2000,
14, 22.

J. H. Halpern, A. R. Sherwood, J. I. Hudson, D. Yurgelun-Todd, H. G.
Pope. Psychological and cognitive effects of long-term peyote
use among Native Americans. Biol. Psychiat. 2005, 58, 624.

W. R. Miller. The phenomenon of quantum change. J. Clin. Psychol.
2004, 60, 453.

C. D. Emrick, J. S. Tonigan. Alcoholics Anonymous and other
12-step groups, in American Psychiatric Publishing Textbook
of Substance Abuse Treatment, Third Edn, (Eds: M. Galanter,
H. D. Kleber), American Psychiatric Publishing, Arlington, VA,
2004, pp. 433.

Twelve Steps and Twelve Traditions, Alcoholics Anonymous World
Services Inc., New York, 1981.

B. Wilson. My First Forty Years, Hazelden, Center City, MN,
2000.

A. A. Forcehimes. De profundis: spiritual transformations in Alco-
holics Anonymous. J. Clin. Psychol. 2004, 60, 503.

E. A. Robinson, K. J. Brower, E. Kurtz. Life-Changing Experiences,
Spirituality and Religiousness of Persons Entering Treatment for Al-
cohol Problems. Alcohol Treat. Q. 2003, 21, 3.

[79]

[80]

[81]

[82]

[83]

[95]

Drug Testing
and Analysis

L. A. Kaskutas, N. Turk, J. Bond, C. Weisner. The role of religion,
spirituality and Alcoholics Anonymous in sustained sobriety.
Alcohol Treat Q. 2003, 21, 1.

S. E. Zemore. A role for spiritual change in the benefits of 12-step
involvement. Alcohol. Clin. Exp. Res. 2007, 31, 4.

G. J. Connors, J. S. Tonigan, W. R. Miller. Measure of religious back-
ground and behavior for use in behavior change research. Psychol.
Addict. Behav.1996, 10, 90.

J. F. Kelly, R. L. Stout, M. Magill, J. S. Tonigan, M. E. Pagano. Spiritu-
ality in Recovery: A Lagged Mediational Analysis of Alcoholics
Anonymous' Principal Theoretical Mechanism of Behavior Change.
Alcohol. Clin. Exp. Res. 2011, 35, 454.

R. Griffiths, W. Richards, M. Johnson, U. McCann, R. Jesse. Mystical-
type experiences occasioned by psilocybin mediate the attribution
of personal meaning and spiritual significance 14 months later. J.
Psychopharmacol. 2008, 22, 621.

F. A. Moreno, C. B. Wiegand, E. K. Taitano, P. L. Delgado. Safety, toler-
ability, and efficacy of psilocybin in 9 patients with obsessive-
compulsive disorder. J. Clin. Psychiat. 2006, 67, 1735.

C.S. Grob, A. L. Danforth, G. S. Chopra, M. Hagerty, C. R. McKay, A. L.
Halberstadt, et al. Pilot Study of Psilocybin Treatment for Anxiety in
Patients With Advanced-Stage Cancer. Arch. Gen. Psychiat. 2011, 68, 71.
R. B. Price, M. K. Nock, D. S. Charney, S. J. Mathew. Effects of Intrave-
nous Ketamine on Explicit and Implicit Measures of Suicidality in
Treatment-Resistant Depression. Biol. Psychiatry 2009, 66, 522.

N. Diazgranados, L. Ibrahim, N. E. Brutsche, A. Newberg, P. Kronstein,
S.Khalife, et al. A randomized add-on trial of an N-methyl-D-aspartate
antagonist in treatment-resistant bipolar depression. Arch. Gen.
Psychiatr. 2010, 67, 793.

C. A. Zarate Jr, J. B. Singh, P. J. Carlson, N. E. Brutsche, R. Ameli, D. A.
Luckenbaugh, et al. A randomized trial of an N-methyl-D-aspartate
antagonist in treatmentresistant major depression. Arch. Gen.
Psychiat. 2006, 63, 856.

S.J. Mathew, J. W. Murrough, M. aan het Rot, K. A. Collins, D. L. Reich,
D.S. Charney. Riluzole for relapse prevention following intravenous
ketamine in treatment-resistant depression: a pilot randomized,
placebo-controlled continuation trial. Int. J. Neuropsychop. 2010,
13,71.

M. aan het Rot, K. A. Collins, J. W. Murrough, A. M. Perez, D. L. Reich,
D. S. Charney, et al. Safety and efficacy of repeated-dose intrave-
nous ketamine for treatment resistant depression. Biol. Psychiatry
2010, 67, 139.

R. M. Berman, A. Cappiello, A. Anand, D. A. Oren, G. R. Heninger,
D. S. Charney, et al. Antidepressant effects of ketamine in de-
pressed patients. Biol. Psychiatry 2000, 47, 351.

J. H. Krystal. Ketamine and the potential role for rapid-acting anti-
depressant medications. Swiss Med. Wkly. 2007, 137, 215.

S. Maeng, C. A. Zarate Jr, J. Du, R. J. Schloesser, J. McCammon,
G. Chen, et al. Cellular mechanisms underlying the antidepressant
effects of ketamine: role of alpha-amino-3-hydroxy-5-methylisoxazole-
4-propionic acid receptors. Biol. Psychiatry 2008, 63, 349.

S. Maeng, C. A. Zarate Jr. The role of glutamate in mood disorders:
results from the ketamine in major depression study and the pre-
sumed cellular mechanism underlying its antidepressant effects.
Curr. Psychiatry Rep. 2007, 9, 467.

L. E. Phelps, N. Brutsche, J. R. Moral, D. A. Luckenbaugh, H. K. Manji,
C. A. Zarate Jr. Family history of alcohol dependence and initial
antidepressant response to an N-methyl-D-aspartate antagonist.
Biol. Psychiatry 2009, 65, 181.

G. A. Gudelsky, B. K. Yamamoto. Actions of 3,4-methylenedioxy-
methamphetamine (MDMA) on cerebral dopaminergic, serotonergic
and cholinergic neurons. Pharmacol. Biochem. Be. 2008, 90, 198.

C. A. Baylen, H. Rosenberg. A review of the acute subjective effects
of MDMA/ecstasy. Addiction 2006, 101, 933.

G. J. Dumont, R. J. Verkes. A review of acute effects of 3,4-
methylenedioxymethamphetamine in healthy volunteers. J.
Psychopharmacol. 2006, 20, 176.

R. Metzner. Hallucinogenic Drugs and Plants in Psychotherapy and
Shamanism. J. Psychoactive Drugs 1998, 30, 10.

M. C. Mithoefer, M. T. Wagner, A. T. Mithoefer, L. Jerome, R. Doblin.
The safety and efficacy of 3,4-methylenedioxmethamphetamine-
assisted psychotherapy in subjects with chronic, treatment-resistent
posttraumatic stress disorder: the first randomized controlled pilot
study. J. Psychopharmacol. 2011, 25, 14.

Drug Test. Analysis 2012, 4, 543-555

Copyright © 2012 John Wiley & Sons, Ltd.

wileyonlinelibrary.com/journal/dta




Drug Testing
and Analysis

M. P. Bogenschutz and J. M. Pommy

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

[117]

[118]

[119]

[120]

[121]

[122]

B. F. Grant, F. S. Stinson, D. A. Dawson, S. P. Chou, M. C. Dufour,
W. Compton, et al. Prevalence and co-occurrence of substance use
disorders and independent mood and anxiety disorders: results from
the national epidemiologic survey on alcohol and related conditions.
Arch. Gen. Psychiat. 2004, 61, 10.

R. de Graaf, R. V. Bijl, J. Spijker, A. T. Beekman, W. A. Vollebergh.
Temporal sequencing of lifetime mood disorders in relation to
comorbid anxiety and substance use disorders—findings from the
Netherlands Mental Health Survey and Incidence Study. Soc. Psych.
Psych. Epid. 2003, 38, 1.

T. Flensborg-Madsen, E. L. Mortensen, J. Knop, U. Becker, L. Sher,
M. Gronbaek. Comorbidity and temporal ordering of alcohol use
disorders and other psychiatric disorders: results from a Danish
register-based study. Comp. Psychiatry. 2009, 50, 307.

B. F. Grant, R. B. Goldstein, S. P. Chou, B. Huang, F. S. Stinson,
D. A. Dawson, et al. Sociodemographic and psychopathologic
predictors of first incidence of DSM-IV substance use, mood
and anxiety disorders: results from the Wave 2 National Epidemi-
ologic Survey on Alcohol and Related Conditions. Mol. Psychiatr.
2009, 74, 1051.

E. J. Khantzian. The self-medication hypothesis of addictive disor-
ders: focus on heroin and cocaine dependence. Am. J. Psychiat.
1985, 142, 6.

W. H. Zywiak, V. S. Westerberg, G. J. Connors, S. A. Maisto. Exploratory
findings from the Reasons for Drinking Questionnaire. J. Subst. Abuse
Treat. 2003, 25, 287.

J.F. Kelly, R. L. Stout, J. S. Tonigan, M. Magill, M. E. Pagano. Negative
affect, relapse, and Alcoholics Anonymous (AA): does AA work by
reducing anger? J. Stud. Alcohol Drugs 2010, 71, 434.

K. Witkiewitz, S. Bowen, D. M. Donovan. Moderating effects of a
craving intervention on the relation between negative mood and
heavy drinking following treatment for alcohol dependence. J. Con-
sult. Clin. Psychol. 2011, 79, 54.

B. Rounsaville. Treatment of cocaine dependence and depression.
Biol. Psychiatry 2004, 56, 7.

M. Torrens, F. Fonseca, G. Mateu, M. Farre. Efficacy of antidepressants
in substance use disorders with and without comorbid depression
a systematic review and meta-analysis. Drug Alcohol Depen. 2005,
78, 23.

E. V. Nunes, F. R. Levin. Treatment of depression in patients with al-
cohol or other drug dependence: A meta-analysis. J. Am. Med.
Assoc. 2004, 2917, 10.

T. S. Malec, E. A. Malec, M. Dongier. Efficacy of buspirone in alcohol
dependence: a review. Alcohol. Clin. Exp. Res. 1996, 20, 853.

D. LeMarquand, R. Pihl, C. Benkelfat. Serotonin and alcohol intake,
abuse, and dependence: findings of animal studies. Biol. Psychiatry
1994, 36, 27.

K. A. Maclean, M. W. Johnson, R. R. Griffiths. Mystical experiences
occasioned by the hallucinogen psilocybin lead to increases in
the personality domain of openness. J. Psychopharmacol. 2011,
25, 1453.

J. M. Malouff, E. B. Thorsteinsson, S. E. Rooke, N. S. Schutte. Alcohol
involvement and the Five-Factor model of personality: a meta-
analysis. J. Drug Educ. 2007, 37, 277.

R. Kotov, W. Gamez, F. Schmidt, D. Watson. Linking “big” personality
traits to anxiety, depressive, and substance use disorders: a meta-
analysis. Psychol. Bull. 2010, 136, 768.

R. A. McCormick, E. T. Dowd, S. Quirk, J. H. Zegarra. The relationship of
NEO-PI performance to coping styles, patterns of use, and triggers for
use among substance abusers. Addict. Behav. 1998, 23, 497.

C. Dubey, M. Arora, S. Gupta, B. Kumar. Five Factor correlates: A
comparison of substance abusers and non-substance abusers. J.
Ind. Acad. Appl. Psychology 2010, 36, 107.

A. Terracciano, C. E. Lockenhoff, R. M. Crum, O. J. Bienvenu, P. T.
Costa Jr. Five-Factor Model personality profiles of drug users. BMC
Psychiat. 2008, 8, 22.

S. V. Paunonen. Big Five factors of personality and replicated pre-
dictions of behavior. J. Pers. Soc. Psychol. 2003, 84, 411.

A. K. Littlefield, K. J. Sher, P. K. Wood. A personality-based description
of maturing out of alcohol problems: extension with a five-factor
model and robustness to modeling challenges. Addict. Behav.
2010, 35, 948.

R. L. Piedmont. Cracking the Plaster Cast: Big Five Personality
Change during Intensive Outpatient Counseling. J. Res. Pers. 2001,
35, 21.

[123]

[124]

[125]

[126]

[127]

[128]

[129]

[130]

[131]

[132]

[133]

[134]

[135]

[136]

[137]

[138]

[139]

[140]

[141]

[142]

[143]
[144]
[145]

[146]

[147]

M. Bottlender, M. Soyka. Impact of different personality dimensions
(NEO Five-Factor Inventory) on the outcome of alcohol-dependent
patients 6 and 12 months after treatment. Psychiatry Res. 2005,
136, 7.

P. D. Borman, M. L. Zilberman, H. Tavares, A. M. Suris, N. El-Guebaly,
B. Foster. Personality Changes in Women Recovering from Sub-
stance-Related Dependence. J. Addict. Dis. 2006, 25, 9.

M. L. Zilberman, H. Tavares, N. El-Guebaly. Relationship between
craving and personality in treatment-seeking women with sub-
stance-related disorders. BMC Psychiatry 2003, 3, 5.

J. K. Connor-Smith, C. Flachsbart. Relations Between Personality
and Coping: A Meta-Analysis. J. Pers. Soc. Psychol. 2007, 93, 28.

J. F. Kelly, B. Hoeppner, R. L. Stout, M. Pagano. Determining the relative
importance of the mechanisms of behavior change within Alcoholics
Anonymous: a multiple mediator analysis. Addiction 2011, 107, 289.

A. S. Potgieter, F. Deckers, P. Geerlings. Craving and relapse mea-
surement in alcoholism. Alcohol Alcohol. 1999, 34, 7.

G. R. Breese, R. Sinha, M. Heilig. Chronic alcohol neuroadaptation
and stress contribute to susceptibility for alcohol craving and
relapse. Pharmacol. Therapeut. 2011, 129, 149.

R. Sinha, C. S. Li. Imaging stress- and cue-induced drug and alcohol
craving: association with relapse and clinical implications. Drug
Alcohol Rev. 2007, 26, 25.

D. J. Rohsenow, R. A. Martin, C. A. Eaton, P. M. Monti. Cocaine craving
as a predictor of treatment attrition and outcomes after residential
treatment for cocaine dependence. J. Stud. Alcohol Drugs 2007, 68,
641.

D. W. Oslin, M. Cary, V. Slaymaker, C. Colleran, F. C. Blow. Daily
ratings measures of alcohol craving during an inpatient stay define
subtypes of alcohol addiction that predict subsequent risk for
resumption of drinking. Drug Alcohol Depen. 2009, 103, 131.

S. E. Back, K. Hartwell, S. M. DeSantis, M. Saladin, A. L. McRae-Clark,
K. L. Price, et al. Reactivity to laboratory stress provocation predicts
relapse to cocaine. Drug Alcohol Depen. 2010, 106, 21.

C. Evren, M. Durkaya, B. Evren, E. Dalbudak, R. Cetin. Relationship
of relapse with impulsivity, novelty seeking and craving in male
alcohol-dependent inpatients. Drug Alcohol Rev. 2012, 31, 81.

R. M. Van Zundert, S. G. Ferguson, S. Shiffman, R. Engels. Dynamic
effects of craving and negative affect on adolescent smoking
relapse. Health Psychol. 2012, 31, 226.

A. Heinz, A. Beck, S. M. Grusser, A. A. Grace, J. Wrase. Identifying the
neural circuitry of alcohol craving and relapse vulnerability. Addit.
Biol. 2008, 14, 12.

Y. Sari, V. R. Johnson, J. M. Weedman. Role of the serotonergic
system in alcohol dependence: from animal models to clinics. Prog.
Mol. Biol. Trans. Sci. 2011, 98, 401.

M. R. Daglish, T. M. Williams, S. J. Wilson, L. G. Taylor, C. B. Eap,
M. Augsburger, et al. Brain dopamine response in human opioid
addiction. Brit. J. Psychiat. 2008, 193, 65.

K. K. Yoder, C. C. Constantinescu, D. A. Kareken, M. D. Normandin,
T. E. Cheng, S. J. O’'Connor, et al. Heterogeneous effects of alcohol
on dopamine release in the striatum: a PET study. Alcohol. Clin.
Exp. Res. 2007, 371, 965.

I. H. A. Franken. Drug craving and addiction: integrating psycholog-
ical and neuropsychopharmacological approaches. Prog. Neuro-
Psychoph. 2003, 27, 17.

S. M. Cox, C. Benkelfat, A. Dagher, J. S. Delaney, F. Durand, T. Kolivakis,
et al. Effects of lowered serotonin transmission on cocaine-induced
striatal dopamine response: PET [(1)(1)Clraclopride study in humans.
Brit. J. Psychiatry. 2011, 199, 391.

B. A. Johnson. Update on neuropharmacological treatments for al-
coholism: scientific basis and clinical findings. Biochem. Pharmacol.
2008, 75, 34.

R. M. Swift. Medications and Alcohol Craving. Alcohol Res. Health
1999, 23, 7.

D. J. Hayes, A. J. Greenshaw. 5-HT receptors and reward-related
behaviour: A review. Neurosci. Biobehav. R. 2011, 35, 31.

R. Ciccocioppo. The role of serotonin in craving: from basic research
to human studies. Alcohol Alcohol. 1999, 34, 10.

C. A. Naranjo, K. E. Bremner, K. L. Lanctot. Effects of citalopram and
a brief psycho-social intervention on alcohol intake, dependence
and problems. Addiction 1995, 90, 87.

H. R. Kranzler, J. A. Burleson, P. Korner, F. K. Del Boca, M. J. Bohn,
J. Brown, et al. Placebo-controlled trial of fluoxetine as an adjunct
to relapse prevention in alcoholics. Am. J. Psychiat. 1995, 152, 391.

wileyonlinelibrary.com/journal/dta

Copyright © 2012 John Wiley & Sons, Ltd.

Drug Test. Analysis 2012, 4, 543-555



Hallucinogens for addictions
|

[148]

[149]

[150]

[151]

[152]

[153]

[154]

[155]

[156]

[157]

[158]
[159]
[160]
[161]

[162]

[163]

[164]

[165]

[166]

D. . Kabel, F. Petty. A placebo-controlled, double-blind study of fluox-
etine in severe alcohol dependence: adjunctive pharmacotherapy
during and after inpatient treatment. Alcohol. Clin. Exp. Res. 1996,
20, 780.

H. M. Pettinati, J. R. Volpicelli, H. R. Kranzler, G. Luck, M. R. Rukstalis,
A. Cnaan. Sertraline treatment for alcohol dependence: interactive
effects of medication and alcoholic subtype. Alcohol. Clin. Exp.
Res. 2000, 24, 9.

J. R. Cornelius, I. M. Salloum, J. G. Ehler, P. J. Jarrett, M. D. Cornelius,
J. M. Perel, et al. Fluoxetine in depressed alcoholics. A double-blind,
placebo-controlled trial. Arch. Gen. Psychiat. 1997, 54, 700.

C. A. Naranjo, C. X. Poulos, K. E. Bremner, K. L. Lanctot. Fluoxetine
attenuates alcohol intake and desire to drink. Int. Clin.
Psychopharmacol. 1994, 9, 163.

C. A. Naranjo, C. X. Poulos, K. E. Bremner, K. L. Lanctot. Citalopram
decreases desirability, liking, and consumption of alcohol in
alcohol-dependent drinkers. Clin. Pharmacol. Ther. 1992, 51, 729.
C. A. Naranjo, E. M. Sellers. Serotonin uptake inhibitors attenuate
ethanol intake in problem drinkers. Recent Dev. Alcohol. 1989, 7,
255.

C. A. Naranjo, K. E. Kadlec. Possible pharmacological probes for pre-
dicting and preventing relapse in treated alcoholics. Alcohol Alcohol.
Suppl. 1991, 1, 523.

B. A. Johnson, J. D. Roache, M. A. Javors, C. C. DiClemente, C. R.
Cloninger, T. J. Prihoda, et al. Ondansetron for reduction of drinking
among biologically predisposed alcoholic patients: A randomized
controlled trial. JAMA 2000, 284, 963.

B. A. Johnson, N. Ait-Daoud, C. Seneviratne, J. D. Roache, M. A.
Javors, X. Q. Wang, et al. Pharmacogenetic approach at the serotonin
transporter gene as a method of reducing the severity of alcohol
drinking. Am. J. Psychiat. 2011, 168, 265.

B. A. Johnson, J. D. Roache, N. Ait-Daoud, N. A. Zanca, M. Velazquez.
Odansetron reduces the craving of biologically predisposed alco-
holics. Psychopharmacology 2002, 160, 6.

A. Bandura. Self-efficacy: toward a unifying theory of behavioral
change. Psychological Rev. 1977, 84, 191.

A. Bandura. Self-efficacy, in Encyclopedia of Human Behavior (Ed:
V. S. Ramachaudran), Academic Press, New York, NY, 1994, pp. 14.
A. Bandura. Self-Efficacy: The Exercise of Control, W. H. Freeman, New
York, 2001.

R. M. Kadden, M. D. Litt. The role of self-efficacy in the treatment of
substance use disorders. Addict. Behav. 2011, 36, 1120.

T. P. S. Oei, P. Hasking, L. Phillips. A Comparison of General Self-
Efficacy and Drinking Refusal Self-Efficacy in Predicting Drinking
Behavior. Am. J. Drug Alcohol Ab. 2007, 33, 9.

S. A. Maisto, G. J. Connors, W. H. Zywiak. Alcohol Treatment,
Changes in Coping Skills, Self-Efficacy, and Levels of A Icohol Use
and Related Problems 1 Year Following Treatment Initiation. Psy-
chol. Addict. Behav. 2000, 14, 10.

M. P. Bogenschutz, J. S. Tonigan, W. R. Miller. Examining the effects
of alcoholism typology and AA attendance on self-efficacy as a
mechanism of change. J. Stud. Alcohol 2006, 67, 562.

C. C. DiClemente, L. E. Bellino, T. M. Neavins. Motivation for Change
and Alcoholism Treatment. Alcohol Res. Health 1999, 23, 7.

C. C. DiClemente. Motivation for Change: Implications for Sub-
stance Abuse Treatment. Psychol. Sci. 1999, 10, 6.

[167]
[168]

[169]

[170]

[171]

[172]

[173]

[174]

[175]

[176]

[177]

[178]

[179]

[180]

[181]

[182]

[183]

[184]

[185]

Drug Testing
and Analysis

L. Festinger, J. M. Carlsmith. Cognitive consequences of forced
compliance. J. Abnorm. Soc. Psychol. 1959, 58, 8.

S. Rollnick, W. R. Miller. What is motivational interviewing? Behav.
Cogn. Psychoth. 1995, 23, 10.

T. B. Moyers, T. Martin, J. M. Houck, P. J. Christopher, J. S. Tonigan.
From in-session behaviors to drinking outcomes: a causal chain
for motivational interviewing. J. Consult. Clin. Psych. 2009, 77, 1113.
W. R. Miller, T. B. Moyers, P. C. Amrhein, S. Rollnick. A consensus
statement on defining change talk. MINT Bulletin 2006, 13, 6.

D. C. Mash, C. A. Kovera, B. E. Buck, M. D. Norenberg, P. Shapshak,
W. L. Hearn, et al. Medication development of ibogaine as a
pharmacotherapy for drug dependence. Ann. NY Acad. Sci. 1998,
844, 274.

R. Maciulaitis, V. Kontrimaviciute, F. M. Bressolle, V. Briedis. Ibogaine,
an anti-addictive drug: pharmacology and time to go further in
development. A narrative review. Hum. Exp. Toxicol. 2008, 27, 181.
S. D. Glick, I. M. Maisonneuve. Development of novel medications
for drug addiction. The legacy of an African shrub. Ann. NY Acad.
Sci. 2000, 909, 88.

E. O'Hearn, M. E. Molliver. The olivocerebellar projection mediates
ibogaine-induced degeneration of Purkinje cells: a model of indirect,
trans-synaptic excitotoxicity. J. Neurosci. 1997, 17, 8828.

E. Frecska, L. E. Luna. The adverse effects of hallucinogens from in-
tramural perspective. Neuropsychopharmacol. Hung. 2006, 8, 189.
D.Y.He, N.N. McGough, A. Ravindranathan, J. Jeanblanc, M. L. Logrip,
K. Phamluong, et al. Glial cell line-derived neurotrophic factor
mediates the desirable actions of the antiaddiction drug ibogaine
against alcohol consumption. J. Neurosci. 2005, 25, 619.

S. Carnicella, D. Y. He, Q. V. Yowell, S. D. Glick, D. Ron. Noribogaine,
but not 18-MC, exhibits similar actions as ibogaine on GDNF ex-
pression and ethanol self-administration. Addict. Biol. 2010, 15, 424.
S. Barak, S. Ahmadiantehrani, V. Kharazia, D. Ron. Positive autoregu-
lation of GDNF levels in the ventral tegmental area mediates long-
lasting inhibition of excessive alcohol consumption. Trans.
Psychiatry 2011, 1, e60, DOI: 10.1038/tp.2011.57

S. Carnicella, V. Kharazia, J. Jeanblanc, P. H. Janak, D. Ron. GDNF is a
fast-acting potent inhibitor of alcohol consumption and relapse. P.
Natl. Acad. Sci. USA 2008, 105, 8114.

S. Carnicella, D. Ron. GDNF-a potential target to treat addiction.
Pharmacol. Ther. 2009, 122, 9.

E. Krupitsky, A. Grineko, T. Berkaliev, A. Paley, U. Tetrov, K. Mushkov,
et al. The combination of psychedelic and aversive approaches in al-
coholism treatment. Alcohol. Treat. Q. 1992, 9, 99.

E. Krupitsky, A. Burakov, T. Romanova, |. Dunaevsky, R. Strassman, A.
Grinenko. Ketamine psychotherapy for heroin addiction: immedi-
ate effects and two-year follow-up. J. Subst. Abuse Treat. 2002, 23,
273.

E. M. Krupitsky, A. M. Burakov, I. V. Dunaevsky, T. N. Romanova, T. Y.
Slavina, A.Y. Grinenko. Single Versus Repeated Sessions of Ketamine-
Assisted Psychotherapy for People with Heroin Dependence. J. Psy-
choactive Drugs 2007, 39, 13.

E. Kolp, H. L. Friedman, M. S. Young, E. Krupitsky. Ketamine Enhanced
Psychotherapy: Preliminary Clinical Observations on Its Effectiveness
in Treating Alcoholism. Humanistic Psychologist 2006, 34, 399.

M. Johnson, W. Richards, R. Griffiths. Human hallucinogen research:
guidelines for safety. J. Psychopharmacol. 2008, 22, 603.

Drug Test. Analysis 2012, 4, 543-555

Copyright © 2012 John Wiley & Sons, Ltd.

wileyonlinelibrary.com/journal/dta




