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ABSTRACT

Recently, the anti-addictive potential of ayahuasca, a dimethyltryptamine(DMT)- and β-carboline-rich
hallucinogenic beverage traditionally used by indigenous groups of the Northwest Amazon and
currently by syncretic churches worldwide, has received increased attention. To better evaluate this
topic, we performed a systematic literature review using the PubMed database to find quantitative
studies (using statistical analysis) that assessed the effects of ayahuasca or its components in drug-
related symptoms or disorders. We found five animal studies (using harmaline, harmine, or ayahuasca)
and five observational studies of regular ayahuasca consumers. All animal studies showed improvement
of biochemical or behavioral parameters related to drug-induced disorders. Of the five human studies,
four reported significant reductions of dependence symptoms or substance use, while one did not
report significant results. Themechanisms responsible for the anti-addictive properties of ayahuasca and
its alkaloids are not clarified, apparently involving both peripheral MAO-A inhibition by the β-carbolines
and central agonism of DMT at 5-HT2A receptors expressed in brain regions related to the regulation of
mood and emotions. Although results are promising, controlled studies are needed to replicate these
preliminary findings.

ARTICLE HISTORY

Received 27 January 2016
Revised 30 March 2016
Accepted 11 April 2016

KEYWORDS

Ayahuasca; dependence;
dimethyltryptamine;
hallucinogens; harmine

Ayahuasca is a hallucinogenic beverage traditionally used
by Northwestern Amazonian tribes located in countries
such as Brazil, Colombia, Ecuador, and Peru. It is usually
prepared by the decoction of the stems of the Banisteriopsis
caapi vine combined with the leaves of the Psychotria

viridis bush (in Brazil, Peru, and parts of Ecuador) or of
the lianaDiplopterys cabrerana (in Colombia and Ecuador)
(Luna 2011; Schultes 1986; Schultes and Hofmann 1992).
At the beginning of the twentieth century, Northern
Brazilians learned from indigenous and mestizo
populations how to use ayahuasca and incorporated the
ritual use of the beverage in syncretic religions such as the
Santo Daime and the União do Vegetal (UDV) (Goulart
2011; Labate, Rose, and dos Santos 2009; Luna 2011). In
the early 1990s, these religious groups started a slow and
gradual expansion abroad, and are now present in South
and North America, Europe, Asia, and Africa (Goulart
2011; Labate, Rose, and dos Santos 2009).

B. caapi is rich in β-carbolines such as harmine,
tetrahydroharmine (THH) and harmaline, which are
reversible inhibitors of the enzyme monoamine
oxidase-A (MAO-A) (dos Santos 2011; Riba 2003;
Riba et al. 2003, 2015). The leaves of P. viridis and
D. cabrerana contain DMT (N,N-dimethyltryptamine),
a tryptamine hallucinogen with a chemical structure
similar to serotonin and which has agonist activity
in several serotonergic receptors, especially in the
5-HT1A/2A/2C receptors (dos Santos 2011; Riba 2003;
Riba et al. 2003, 2015). DMT is inactive when admi-
nistered in pure form and orally due to peripheral
(gastrointestinal and liver) metabolism by MAO-A.
In the case of ayahuasca, the β-carbolines reversibly
inhibit MAO-A, thus preventing peripheral DMT
degradation and enabling its absorption through
systemic circulation and arrival at brain frontal and
paralimbic 5-HT1A/2A/2C receptors, where it seems to
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be responsible for the subjective and physiological
effects of ayahuasca (dos Santos 2011; Riba 2003;
Riba et al. 2003, 2006, 2015).

After oral intake, the psychoactive effects of aya-
huasca start to occur in 30–40 minutes and reach
their maximum intensity around 60–80 minutes after
ingestion, gradually reducing their intensity and disap-
pearing around 4–6 hours after administration (dos
Santos 2011; dos Santos et al. 2011; Riba 2003; Riba
et al. 2003, 2015). The main subjective effects observed
are perceptual changes, altered thought content, inten-
sification of emotions, introspection, positive mood,
and sense of well-being (dos Santos 2011; dos Santos
et al. 2011; Riba 2003; Riba et al. 2003, 2015). These
subjective effects are associated with dose-dependent
changes in brain electrical activity in regions such as
the somatosensory, auditory, visual, and temporo-par-
ietal association cortices (Riba 2003; Riba et al. 2004;
Schenberg et al. 2015), as well as with alterations in
brain activation and connectivity patterns in areas
involved in emotion, perception, and memory proces-
sing, such as paralimbic structures and the Default
Mode Network (DMN) (de Araujo et al. 2012;
Palhano-Fontes et al. 2015; Riba 2003; Riba et al. 2006).

Acute administration of ayahuasca also induces
moderate increases in blood pressure, heart rate, body
temperature, pupil diameter, and in prolactin, cortisol,
growth hormone, and natural killer cells’ levels, as well
as decreases of CD3 T, CD4 T, CD8 T, and CD19 B
cells (dos Santos 2011; dos Santos et al. 2011, 2012;Riba
2003; Riba et al. 2003, 2015). However, these effects are
temporary, and acute administration in a controlled
environment to healthy individuals presents good
tolerability. Adverse effects commonly related to
ayahuasca intake are nausea, vomiting, and diarrhea
(dos Santos 2011, 2013; dos Santos et al. 2011, 2012;
Riba 2003; Riba et al. 2001). Long-term ritual consump-
tion of ayahuasca is not associated with personality,
cognitive or psychiatric problems (Barbosa et al. 2012;
Bouso et al. 2012, 2015; dos Santos 2013), although
alterations in cortical thickness were found in the pos-
terior (thinning) and anterior (thickening) cingulate
cortices (Bouso et al. 2015).

Anecdotal reports, animal models, observational stu-
dies, and preliminary clinical evidence suggest that aya-
huasca and its alkaloids have anxiolytic, anti-depressive,
and anti-addictive properties (dos Santos et al. 2007,
2016; Labate et al. 2010; Osório et al. 2015; Sanches
et al. 2016). A recent open-label study reported fast-
acting and enduring anti-depressive effects associated
with administration of a single ayahuasca dose to
17 patients with treatment-resistant major depressive
disorder (Osório et al. 2015; Sanches et al. 2016).

Moreover, blood perfusion was significantly increased
in the nucleus accumbens, subgenual area and insula,
brain regions involved in mood and emotion processing
(Sanches et al. 2016).

Anecdotal reports and limited observational evidence
from psychotherapeutic centers around the world that use
ayahuasca in the treatment of drug dependence suggest
that the brew has beneficial effects (Barbosa et al. 2012;
Bouso and Riba 2014; Labate et al. 2010; Mabit 2002;
Miranda, Labigalini, and Tacla 1995). A few qualitative
studies and observational investigations that did not per-
form statistical analysis also suggest potential therapeutic
effects. One study made by Grob et al. (1996) recruited 30
volunteers—15 members of the UDV for at least 10 years
whose frequency of ayahuasca intake was at least twice a
month, and 15 who had never tried ayahuasca—in Brazil
to assess cognitive function and mental health (including
drug consumption). All volunteers completed the
Composite International Diagnostic Interview (CIDI)
and performed a semi-structured interview to check
their past and recent life stories. Regarding CIDI criteria,
none of the UDVmembers had a psychiatric disorder, but
five members fulfilled criteria for past alcohol abuse dis-
order according to DSM-III-R and ICD-10 definitions.
Eleven members reported moderate to severe alcohol use
prior to UDV membership, with eight reporting nicotine
dependence, five describing previous episodes of exces-
sive drinking and violent behavior, and four reporting
cocaine and amphetamine use. Importantly, at the time
of the study, all UDV volunteers showed a decrease in the
use of drugs and complete alcohol abstinence.

A study performed by Halpern et al. (2008) in the
United States recruited 32 Santo Daime members who
consumed ayahuasca at least once a week (lifetime
269 ± 314.7 ceremonies; range 20–1300) to assess their
mental health, including drug consumption patterns,
using the Structured Clinical Interview for DSM-IV
Disorders (SCID) and an interview of past and current
drug use. Eight participants reported previous alcohol
abuse and five described past alcohol dependence, four
reported cannabis abuse and three cannabis dependence,
three described hallucinogen abuse, one sedative/hypnotic
dependence, one cocaine abuse, and one stimulant abuse.
After Santo Daimemembership, most volunteers reported
reductions in drug consumption or complete abstinence,
with just one cannabis-dependent individual presenting
partial remission and one volunteer who still abused
cannabis.

Another study evaluated the pattern of substance use
in Brazilian Santo Daime members using an interview
based on the diagnostic criteria of the DSM-IV (Labate
et al. 2014). Of 83 members evaluated, 41 showed a
history of drug dependence, with 90% of them
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reporting recovery for the use of tobacco (99%), alcohol
(27%), cocaine (24%), crack (8%), and MDMA, LSD,
heroin, and solvents (5%). Finally, a qualitative study
aimed to generate empirically based hypotheses on the
therapeutic mechanism of ayahuasca for the treatment
of substance dependence by interviewing 14 individuals
who underwent ayahuasca-assisted therapy for the
treatment of drug dependence (mainly alcohol, cocaine,
and crack) in diverse contexts in South America
(Loizaga-Velder and Verres 2014). This study reported
that, at the time of interview, 10 of the 14 interviewed
patients were abstinent, three practiced controlled use,
and one harm reduction. Nine of the 14 study partici-
pants reported reduced drug cravings after the use of
ayahuasca, and three of the 14 reported attenuation of
withdrawal symptoms.

Although the data described earlier suggest beneficial
effects of ayahuasca in the treatment of drug
dependence, these studies present important limitations,
such as small sample sizes, heterogeneous methods,
absence of a control group, their qualitative or observa-
tional design lacking statistical analysis, thus limiting the
extrapolation of their results. Therefore, considering all
of these aspects, the aim of this study was to develop a
systematic review of the literature on the possible effects
of ayahuasca in chemical dependence treatment.

Material and methods

The data for this systematic review were obtained
according to the systematic reviews and meta-analysis
guidelines from the PRISMA group (Moher et al. 2010).

Data acquisition

We attempted to identify all animal and human studies
available for review until January 6, 2016, in which the
anti-addictive effects of ayahuasca or of some of its
isolated alkaloids (DMT, harmine, THH, and harma-
line) were analyzed.

Search strategy

Electronic searches were performed using the PubMed
(January 1, 1966–January 6, 2016) database. The following
key words were used: ayahuasca OR dimethyltryptamine
OR harmine OR tetrahydroharmine OR harmaline AND
dependence or addiction. References were retrieved by
searching the aforementioned electronic database and
handsearching of reference lists of the identified
literature. Chapters of specialized books were also
included. All studies published in English up to January
6, 2016, were included.

Eligibility criteria

Article type

Only complete articles published in peer-reviewed
scientific journals and book chapters, reporting quanti-
tative studies that performed statistical analysis, were
included. Qualitative studies, studies without statistical
analysis, case reports, abstracts, letters, conference
abstracts, comments, and editorials were excluded.

Study design

The review included (1) animal models of drug-induced
disorders; (2) observational studies of ayahuasca consu-
mers that assessed drug dependence symptoms with
validated scales; and (3) clinical trials involving patients
with a diagnosis of a drug abuse or dependence based on
DSM criteria.

Participants/sample

Invertebrates (planarians), rodents (rat or mouse),
healthy human volunteers (including ayahuasca consu-
mers), and patients with a diagnosis of drug abuse or
dependence based on DSM criteria.

Interventions

All designs evaluating the effect of ayahuasca or its
alkaloids on drug-related symptoms or behaviors
measures were included.

Comparisons

The main comparators considered were several
experimental drugs with psychoactive properties (e.g.,
cocaine, amphetamines, ibogaine, and nicotine).

Outcomes

Studies investigating the effect of ayahuasca or its
alkaloids on drug-related behavioral or biochemical
parameters (animal studies) or symptoms (human
studies) were included.

Data extraction

All studies were screened by two independent reviewers,
with discrepancies resolved by a third reviewer. Names
of authors, year of publication, study design (experimen-
tal, observational, clinical trial), characteristics of the
participants (species, sample size), response criteria
(anti-addictive effects), type of intervention (drug,
dose), and type of outcome measure (animal model or
psychometric instrument) were recorded for all included
articles. The sample was divided into (1) animal and (2)
human studies for the sake of clarity and to facilitate
interpretation of results.
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Results

Study selection

A flow diagram illustrating the phases of the systematic
review is presented in Figure 1.

The literature search yielded 93 separate references
that were reviewed for abstract screening. Following
this pass, eight potentially relevant references were
identified (Aricioglu-Kartal, Kayir, and Uzbay 2003;
Brierley and Davidson 2013; Doering-Silveira et al.
2005; Fábregas et al. 2010; Glick et al. 1994; Oliveira-
Lima et al. 2015; Owaisat, Raffa, and Rawls 2012;
Thomas et al. 2013). Two additional citations (da
Silveira et al. 2005; Fernández et al. 2014) were added
after handsearching the bibliography of the selected
citations. Full-text reports of these 10 citations were
obtained for a more detailed evaluation. Following
detailed examination of the reports, all 10 citations
were included. Included publications comprised five
animal studies (Aricioglu-Kartal, Kayir, and Uzbay
2003; Brierley and Davidson 2013; Glick et al. 1994;
Oliveira-Lima et al. 2015; Owaisat, Raffa, and Rawls
2012) and five human studies (all observational) (da
Silveira et al. 2005; Doering-Silveira et al. 2005;
Fábregas et al. 2010; Fernández et al. 2014; Thomas
et al. 2013).

Animal studies

Harmaline

A study performed byGlick et al. (1994) in rats investigated
the acute effects of harmaline on the self-administration
of morphine and cocaine and reported that this alkaloid

(2.5–80 mg/kg, intraperitoneal) produced significant and
dose-dependent acute reductions in both morphine and
cocaine intake for at least a day after its administration.
This may be significant in the case of cocaine, which does
not have an officially approved pharmacological treatment.

Harmine

Aricioglu-Kartal, Kayir, and Uzbay (2003) investigated
the effects of harmine on naloxone-precipitated withdra-
wal syndrome in morphine-dependent rats. Harmine
(5–10 mg/kg, intraperitoneal) significantly attenuated
the intensity of all signs of morphine withdrawal
(wet-dog shakes, writhing, teeth chattering, defecation,
diarrhea, tremor, and ptosis), except for jumping.

A study conducted by Brierley and Davidson (2013)
in rat brain slices investigated the acute effects of har-
mine alone and in the presence of cocaine on dopamine
efflux in the nucleus accumbens core and shell.
Harmine (300 nM) produced a significant increase in
dopamine efflux in the accumbens shell (148 ± 8% of
baseline values), as did cocaine (179 ± 20%), and the
effects of both drugs combined were additive
(260 ± 35%). However, contrary to cocaine, harmine
did not produce significant increases on efflux in the
accumbens core or on reuptake in both regions. This
study suggests that harmine could act as a form of
dopamine-releasing agonist or substitution therapy for
cocaine dependence. Moreover, the effects of harmine
were apparently mediated 5-HT2A/2C receptors and
independent of MAO inhibition, since they were
significantly reduced by a 5-HT2A/2C antagonist and a
reversible MAO-A inhibitor did not significantly alter
dopamine efflux.

Figure 1. Flow diagram illustrating the different phases of the systematic review.
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Using an invertebrate (planarian) model to quantify
“C-shape” responses, a characteristic behavior displayed
by planarians, rats, and mice after administration of
cocaine, amphetamines, nicotine, and glutamate,
Owaisat, Raffa, and Rawls (2012) compared the effects
of harmine against N-methyl-D-aspartate (NMDA),
glutamate, cocaine, amphetamines (methamphetamine
and mephedrone (4-methylmethcathinone), and nico-
tine. Harmine (0.01–10 µM) did not produce C-shapes,
but significantly inhibited C-shapes produced by all
compounds, with a preferential efficacy against cocaine
> amphetamines > nicotine. In the case of cocaine, these
effects were apparently mediated by the glutamatergic
system, since they were significantly attenuated after
administration of a glutamate transporter inhibitor.
Again, this may be relevant in the case of cocaine,
which does not have an officially approved pharmacolo-
gical treatment.

Ayahuasca

Oliveira-Lima et al. (2015) investigated the acute effects of
ayahuasca on mice spontaneous locomotor activity and
on ethanol-induced acute hyperlocomotion, locomotor
sensitization (mice were re-exposed to the experimental
apparatus seven days after the first ethanol injection), and
reinstatement of ethanol-induced behavioral sensitization
(ethanol administration every other day for 15 days,
followed by eight consecutive days of saline or ayahuasca
in liquid form, 100–300 mg/kg). This animal model
represents both the early behaviors associated with the
initiation and development of ethanol dependence
and the long-term effects such as the reinstatement
of ethanol-induced sensitization. All ayahuasca doses
(30–500 mg/kg, intraperitoneal) significantly reduced
ethanol-induced sensitization without significantly
modifying spontaneous locomotor activity. Moreover,
the higher doses (300–500 mg/kg) significantly reduced
ethanol-induced acute hyperlocomotion, and both doses
of ayahuasca (100–300 mg/kg) significantly reduced the
reinstatement of ethanol-induced sensitization.

The main information of the pre-clinical studies
assessing the effects of ayahuasca and its alkaloids in
behavioral and biochemical parameters associated with
drug dependence is presented in Table 1.

Human studies

Ayahuasca

In a retrospective study with adolescents in Brazil, da
Silveira et al. (2005) assessed the mental health of 37
UDV members and 43 controls, and used the Drug Use
Screening Inventory (DUSI) to assess lifetime (last-year
and last-month) drug use. No significant results were
found in lifetime substance consumption. However, in
the same groups of adolescents, Doering-Silveira et al.
(2005) reported significant differences regarding last-
year and last-month alcohol consumption, with UDV
adolescents consuming less alcohol (last year: 46.3%;
last month: 32.5%) than the control group (last year:
74.4%; last month: 65.1%).

In two studies with regular ayahuasca users in Brazil,
Fábregas et al. (2010) assessed potential drug-abuse-
related problems using the Addiction Severity Index
(ASI) and an interview about their history of drug
use. In the first study, jungle-based ayahuasca users
(n = 56) were compared to rural controls (n = 56)
and, in the second study, urban-based ayahuasca users
(n = 71) were compared to urban controls (n = 59).
Participants were evaluated again one year later in both
studies. At baseline, the jungle-based ayahuasca group
scored significantly lower than their controls in the ASI
Medical Status, Alcohol Use, and Psychiatric Status
subscales, and significantly higher in the Drug Use
subscale (because ayahuasca use was also considered).
These results were maintained in the follow-up, except
for the Medical Status subscale. The urban-based
ayahuasca group scored significantly lower than their
controls in the Alcohol Use, Family/Social
Relationships, and Psychiatric Status subscales at base-
line, and significantly higher in the Employment/

Table 1. Effects of ayahuasca and its alkaloids in animal models of drug-related disorders.

Models Animals Drug Dose Main results References

Self-administration of morphine and
cocaine

Rats Harmaline 10–40 mg/kg Reductions of morphine and
cocaine intake

Glick et al. 1994

Morphine withdrawal syndrome Rats Harmine 5–10 mg/kg Attenuation of morphine
withdrawal

Aricioglu-Kartal, Kayir, and
Uzbay 2003

Dopamine efflux in the nucleus
accumbens

Rat (brain) Harmine 300 µM Increased dopamine efflux Brierley and Davidson 2012

“C-shape” responses induced by cocaine,
methamphetamine, mephedrone,
NMDA, and nicotine

Planarians Harmine 0.01–10 µM Inhibition of C-shapes Owaisat, Raffa, and Rawls
2012

Ethanol-induced behavioral sensitization Mice Ayahuasca 30–500 mg/kg Reduction of acute and
sensitized behavior

Oliveira-Lima et al. 2015
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Support Status and in the Drug Use subscales (like the
jungle-based group, because ayahuasca use was also
considered). At the follow-up, the ayahuasca group
scored significantly lower in the Medical Status and
higher in the Drug Use subscale (explained by aya-
huasca use). An analysis of time-dependent changes in
the two studies combined showed that the only
increases (worsenings) were observed in the Family/
Social Relationships subscale in the urban-based aya-
huasca group, while decreases (improvements) were
shown for the Drug Use subscale in the jungle-based
ayahuasca group. Moreover, except for cannabis, the
ayahuasca jungle-based group did not report current
use of illicit drugs, despite statistically significant
differences in prior illicit drug use.

An observational study of ayahuasca-assisted therapy
for problematic substance use and stress (the “Working
with Addiction and Stress” retreat) was performed in a
rural First Nations community in British Columbia,
Canada, by Thomas et al. (2013). Twelve volunteers
who had never taken ayahuasca before participated in a
retreat which included four days of group counselling
and two ayahuasca ceremonies. Drug use was assessed
with the 4 Week Substance Use Scale (4WSUS) two and
four weeks following the retreat and monthly thereafter
for five months. Aggregated data from the means of all
follow-ups using 4WSUS scores related to the substances
used by ≥40% of the participants at baseline (tobacco,
alcohol, cannabis, and cocaine) showed score decreases
for all substances except cannabis, but significant
reductions were observed only for cocaine. Moreover,
significant improvements were observed in psycho-
metric instruments assessing psychological and
behavioral factors related to problematic substance use,
such as hopefulness (Hope Scale, HS), empowerment
(Empowerment Scale, ES), mindfulness (Philadelphia
Mindfulness Scale, PHLMS), and quality of life (McGill
Quality of Life survey, MQL).

Fernández et al. (2014) conducted a non-controlled
study to examine the therapeutic effects of ayahuasca on
drug dependence. Data were collected at a therapeutic
institute in the Brazilian Amazonas State. The treatment
included two ayahuasca session every week, and could
last 3–9months. Thirteen Spanish patients (8 men, mean
age 35 years) participated in the study: nine cases of drug
dependence (mainly related to heroin and cocaine), one
of borderline personality disorder, and three subjects
were searching ayahuasca for their personal growth.
Regarding personality, after treatment, volunteers
showed significant reductions in some subscales of
the Temperament and Character Inventory-Revised
(TCI-R) that measure personality traits that may be
related to drug-related disorders, such as impulsivity.

The ayahuasca treatment was also associated with
significant increases in subscales measuring self-
directedness and responsibility. Psychopathology was
also reduced, indicated by significant reductions in
the scores of the Symptom Check-List-90-Revised
(SCL-90-R). Neuropsychological improvements were
also observed, with significant reductions in all subscales
of the Frontal Systems Behavior Scale (FrSBe) and a
significant increase in the “Resistance to Interference”
measure of the Stroop Color and Word Test. Finally,
beneficial effects were also observed regarding life atti-
tudes and spirituality, with significant increases in the
Purpose in Life Test (PLT) and in the Spiritual
Orientation Inventory (SOI).

The main information of the quantitative studies
assessing the effects of ayahuasca on drug dependence
is presented in Table 2.

Discussion

This systematic literature review of quantitative animal
and human studies assessing the effects of ayahuasca and
its alkaloids on behaviors and symptoms associated with
drug-related disorders suggests that these substances
seem to have properties that can help in the treatment
of substance dependence or improvement of related
disorders.

Harmine induced significant reductions in withdrawal
symptoms inmorphine-dependent rats (Aricioglu-Kartal,
Kayir, and Uzbay 2003), harmaline significantly reduced
morphine and cocaine intake in rats (Glick et al. 1994),
and ayahuasca significantly reduced the behavioral effects
produced by an experimental model of ethanol-induced
sensitization in mice (Oliveira-Lima et al. 2015).

The mechanisms of action involved in these effects
have not been completely elucidated, but appear to
involve MAO inhibition and the glutamatergic, dopami-
nergic, and serotonergic system. For instance, harmine
significantly reduced stimulant-induced behavior in pla-
narians, and this effect was mediated by the glutamatergic
system (Owaisat, Raffa, and Rawls 2012). Furthermore,
harmine significantly increased dopamine efflux in the
nucleus accumbens shell by a MAO-independent
mechanism, probably involving the 5-HT2A/2C receptors
(Brierley and Davidson 2013).

Several preclinical and clinical investigations suggest
that striatal dopaminergic neurotransmission is deeply
involved in the reinforcing properties of most psychoac-
tive drugs, especially stimulants, and drug abuse and
dependence (Nutt et al. 2015). Thus, the anti-addictive
effects of harmine and harmaline could be mediated by
the dopaminergic system. For instance, harmine and
harmaline significantly increased L-DOPA-induced
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stereotypy in mice (Pimpinella and Palmery 1995),
harmine dose-dependently increased dopamine levels
in the rat brain (Iurlo et al. 2001), administration of B.
caapi stem extract, harmine, and harmaline significantly
increased dopamine release in rat striatal slices (Schwarz
et al. 2003), and ayahuasca increased the dopamine
utilization rate in the rat amygdala (de Castro-Neto
et al. 2013). However, harmaline dose-dependently
decreased dopamine levels in the mice inferior olivary
nucleus, but not on the cerebellum (Mehta, Saravanan,
and Mohanakumar 2003), and Oliveira-Lima et al.
(2015) suggested that the reduction of ethanol-induced
hyperlocomotion produced by ayahuasca could be
related to decreased dopamine activity, since this
ethanol-related behavior is associated with dopamine
release in the nucleus accumbens.

Even considering a possible role of the dopaminergic
(or glutamatergic) systems in the anti-addictive effects of
harmine and harmaline, it must be considered that pre-
clinical data do not always translate to humans. For
instance, although preclinical evidence suggests that the
β-carbolines have affinity for 5-HT2A/2C receptors
(Glennon et al. 2000; Grella et al. 1998), human studies
show that their psychoactive or hallucinogenic potential is
questionable, and that the main mechanism of action of
these compounds in ayahuasca seems to be the reversible
inhibition of MAO-A (dos Santos 2011; Riba 2003; Riba
et al. 2003, 2015). Nevertheless, a recent study in healthy
volunteers suggested that the β-carbolines in ayahuasca
could produce specific electroencephalographic altera-
tions (Schenberg et al. 2015). Thus, the mechanisms of
action of the β-carbolines have not been completely

elucidated, and may involve changes in aminoacidergic
and monoaminergic neurotransmission.

Regarding DMT, although some preclinical studies
show that this tryptamine interacts with the dopaminer-
gic system (Haubrich and Wang 1977; Jenner, Marsden,
and Thanki 1980; Waldmeier and Maitre 1977), no
human studies evaluated the effects of pure DMT in
dopamine neurotransmission, and neuroimaging studies
involving the administration of ayahuasca to healthy
volunteers using single-photon emission computed
tomography (SPECT) (Riba et al. 2006) and functional
magnetic resonance imaging (fMRI) (de Araujo et al.
2012) did not find activation of the striatum (de Araujo
et al. 2012; Riba et al. 2006).

However, a study involving the administration of
psilocybin, a hallucinogenic tryptamine chemically and
pharmacologically related to DMT that also acts as a
5-HT2A receptor agonist and that has anti-addictive pro-
prieties against alcohol (Bogenschutz et al. 2015) and
tobacco dependence (Garcia-Romeu et al. 2014; Johnson
et al. 2014) showed that this compound increased dopa-
mine levels in the striatum (caudate and putamen nucleus)
(Vollenweider et al. 1999). Moreover, a study with
depressed patients using SPECT reported increased blood
perfusion in the nucleus accumbens after ayahuasca
administration (Sanches et al. 2016).

These results suggest that these hallucinogenic
substances can act as modulators of the dopaminergic
system, but further studies are needed to better investigate
this topic, especially in clinical populations. Furthermore,
considering that drug disorders are complex processes
related to psychological, social, cultural, and biochemical

Table 2. Effects of ayahuasca in the treatment of drug dependence in humans.

Sample Scale Main results References

37 UDV adolescent members and 43
controls

DUSI Non-significant da Silveira et al. 2005

41 UDV adolescent members and 43
controls

Drug use history Significantly lower last-year and last-month alcohol
consumption

Doering-Silveira et al.
2005

127 ayahuasca users and 115 controls ASI
Drug use history

Significant improvements in ASI subscales1 and in
current drug use (except for cannabis)

Fábregas et al. 2010

12 ayahuasca naïve individuals seeking
treatment for problematic substance use

4WSUS Significant reductions in cocaine use and
improvements in psychological and behavioral
measures2

Thomas et al. 2013

9 individuals seeking treatment for
problematic substance use

TCI, SCL-90-R, FrSBe,
Stroop test, PLT, SOI

Improvements in personality,3 psychopathology,4

cognition,5 life attitudes,6 and spirituality7
Fernández et al. 2014

4WSUS: 4 Week Substance Use Scale; FrSBe: Frontal System Behavior; PLT: Purpose in Life Test; SCL-90-R: Symptom Check-List-90-Revised; SOI: Spiritual
Orientation Inventory; TCI-R: Temperament and Character Inventory-Revised.

1Medical Status, Alcohol Use, Psychiatric Status, and Drug Use.
2Hopefulness (Hope Scale, HS), empowerment (Empowerment Scale, ES), mindfulness (Philadelphia Mindfulness Scale, PHLMS), and quality of life (McGill
Quality of Life survey, MQL).

3TCI-R Impulsiveness, Disorderliness, Anticipatory Worry, Shyness with Strangers, Responsibility, Purposefulness, Congruent Second Nature, and Self-
Directedness subscales.

4SCL-90-R Positive Symptoms, Total, Anxiety, and Obsessive-Compulsive subscales.
5FrSBe Dysfunction, Apathy, and Disinhibition subscales and Stroop’s Resistance to Interference.
6PLT Transcendent Dimension, Meaning/Purpose in Life, Mission in Life, and Sacredness of Life subscales.
7SOI total.
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factors and other associated psychopathologies, such as
anxiety and depressive disorders, as well as neurodegen-
erative effects, other properties of ayahuasca and its alka-
loids, such as anxiolytic and antidepressive effects (dos
Santos et al. 2007, 2016; Osório et al. 2015; Sanches et al.
2016), as well as neuroprotective properties (Biradar,
Joshi, and Tarak 2013; dos Santos et al. 2016) and effects
on neurotrophic factors (dos Santos et al. 2016; Fortunato
et al. 2009), should be better investigated.

Analysis of the data from the observational studies
show that only one of the five studies included (da
Silveira et al. 2005) did not present significant improve-
ments in drug-related symptoms or disorders.
Considering the studies with significant results, all
reported improvements, such as decreased drug use,
reduced withdrawal symptoms, and cases of completely
recovery from drug dependence. Interestingly, signifi-
cant results were more expressive regarding alcohol and
cocaine use, which is similar to the results observed in
the preclinical data evaluated in the systematic review.

However, in the case of humans, the apparent effec-
tiveness of ayahuasca in handling symptoms of drug with-
drawal, abuse, or dependence could be associated not only
with its biochemical mechanisms of action, but also with
religious and psychological aspects, since ayahuasca is
usually consumed in a ritual context and may even
involve membership in organized religious institutions
or groups, such as the Santo Daime and the UDV
(Goulart 2011; Labate et al. 2010; Labate, Rose, and dos
Santos 2009; Luna 2011). In these groups, the use of illicit
drugs is usually discouraged or prohibited, and the fact
that ayahuasca is inserted in a religious context seems to
ensure some protection against possible drug use
(Barbosa et al. 2012; Doering-Silveira et al. 2005;
Goulart 2011; Grob et al. 1996; Halpern et al. 2008;
Labate et al. 2010; Labate, Rose, and dos Santos 2009).
Indeed, participation in religious groups may improve
quality of life and well-being (Panzini et al. 2007).

In the study by Fernández et al. (2014), a significant
increase in spirituality was observed, and reports from the
participants suggest that the experiences during the psy-
chedelic effects generated by the beverage appear to help
them to better understand their problems, in the resolution
of traumas, by encouraging them to make better decisions,
improving their social relations, and helping them devel-
oping more responsibility, motivation, and purpose in life
(Bouso et al. 2012; da Silveira et al. 2005; Doering-Silveira
et al. 2005; Grob et al. 1996; Halpern et al. 2008; Thomas
et al. 2013). Interestingly, psilocybin administration is
associated with mystical-type experiences and sustained
well-being, and these effects are apparently related to
recovery from drug dependence (Garcia-Romeu et al.
2014; Griffiths et al. 2011). Moreover, religious use of

peyote—a cactus containing the phenethylamine psyche-
delic alkaloid mescaline, which has hallucinogenic effects
similar to those of ayahuasca and psilocybin and also binds
to and activates the serotonin 5-HT2A receptor—by groups
such as the Native American Church is associated with
reduced alcohol abuse and dependence, and similar to
ritual ayahuasca use, there is no evidence of psychological
or cognitive deficits associated with this practice (Calabrese
1997; Halpern et al. 2005).

Finally, from a psychological perspective, not only
the mystical experiences, but also the insights, cognitive
and emotional effects that are experienced in aya-
huasca-induced modified states of consciousness have
therapeutic potential for the recovery from addiction
(see Loizaga-Velder and Verres 2014). From a neuro-
chemical perspective, the therapeutic properties
described could also be related to intensification of
brain activity in frontal and paralimbic neural pathways
involved in emotional and memory processing (de
Araujo et al. 2012; Riba et al. 2006), or to decreased
activity in the cortical areas associated with introspec-
tion and self- consciousness, such as the DMN (Bouso
et al. 2015; Palhano-Fontes et al. 2015).

Although most of the results suggest that ayahuasca
or its alkaloids have potential use in the treatment of
drug abuse and dependence, the human studies reviewed
have important limitations, including the small sample
sizes, their observational design, and the assessment of
experienced users of ayahuasca. This last factor limits the
sample to people that are already adapted to the effects of
ayahuasca, thus limiting the extrapolation of the results
and possibly excluding those consumers who could have
experienced some adverse effect and never consumed
ayahuasca again. Moreover, the fact that most ayahuasca
use happens in a ritual context makes it difficult to
establish if the observed health improvements are related
to drug effects, to the religious environment and culture,
or the combination of both factors.

Considering these issues, more clinical and controlled
studies are needed to assess whether ayahuasca is actu-
ally effective in the treatment of drug dependence.
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