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Abstract

The use of the hallucinogenic brew ayahuasca, obtained from infusing the shredded stalk of the malpighiaceous plant Banisteriopsis caapi with
the leaves of other plants such as Psychotria viridis, is growing in urban centers of Europe, South and North America in the last several decades.
Despite this diffusion, little is known about its effects on emotional states. The present study investigated the effects of ayahuasca on psychometric
measures of anxiety, panic-like and hopelessness in members of the Santo Daime, an ayahuasca-using religion. Standard questionnaires were used
to evaluate state-anxiety (STAI-state), trait-anxiety (STAI-trait), panic-like (ASI-R) and hopelessness (BHS) in participants that ingested ayahuasca
for at least 10 consecutive years. The study was done in the Santo Daime church, where the questionnaires were administered 1 h after the ingestion
of the brew, in a double-blind, placebo-controlled procedure. While under the acute effects of ayahuasca, participants scored lower on the scales for
panic and hopelessness related states. Ayahuasca ingestion did not modify state- or trait-anxiety. The results are discussed in terms of the possible

use of ayahuasca in alleviating signs of hopelessness and panic-like related symptoms.
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1. Introduction

Ayahuasca is a Quechua term derived from the juxtaposition

of the terms: Aya—*“soul” “dead spirit”’; Waska—“rope”, “vine”,

and thus is loosely translatable “vine of the souls” or “vine of
the dead”. Ayahuasca refers to the vine used as the principle
ingredient of a psychoactive beverage used by more than 70 dif-
ferent indigenous groups spread along Brazil, Colombia, Peru,
Venezuela, Bolivia and Ecuador (Goulart, 2005; Luna, 2005).

Abbreviations: DMT, N,N-dimethyltryptamine; THH, tetrahydroharmine;
5-HT, 5-hydroxytryptamine; MAO, monoamine oxidase; SSRIs, selective
serotonin reuptake inhibitors; SPECT, single photon emission computer-
ized tomography; GC/MS, gas chromatography/mass spectrometry; STAI,
state—trait-anxiety inventory; A-state, state-anxiety; A-trait, trait-anxiety; ASI-
R, revised anxiety sensitivity index; BHS, Beck hopelessness scale; UDV, Unido
do Vegetal
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The word ayahuasca is used to describe the spiritual force in
the beverage or the beverage itself, which is made with several
species of the Banisteriopsis vine (e.g., Banisteriopsis caapi,
Banisteriopsis muricata) (Malpighiaceae), usually in combina-
tion with other plants, such as Psychotria viridis or Diplopterys
cabrerana (Ott, 1994). Ayahuasca also may refer to prepara-
tions containing only the vine, as made by the Maku Indians, for
example (Davis, 1997).

Since the beginning of the 20th century ayahuasca has been
used by syncretic religious cults created in the Amazonian
Brazilian states of Acre and Rondonia. These groups, of which
Santo Daime, Barquinha and Unido do Vegetal (UDV) are the
main ones, use ayahuasca as a healing tool and as a vehicle
to gain access to the divine realm. These churches are highly
syncretic, containing influences from popular Catholicism,
European esoteric and spiritual beliefs, African cosmologies,
and indigenous botanical knowledge. Their use of ayahuasca as
sacrament resembles that of the Christian Eucharist. In the Santo
Daime and UDV rites, members drink ayahuasca usually twice
a month, and in Barquinha it is not unusual to consume the brew
four times per week (Araujo, 1999; Labate and Aradjo, 2004).
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Several studies (e.g., McKenna and Towers, 1981; McKenna
et al., 1984; Callaway, 1988; McKenna et al., 1990, 1998;
Callaway et al., 1999) have indicated that the main compo-
nents of ayahuasca, the N,N-dimethyltryptamine (DMT) and
some beta-carbolines, are structurally similar to serotonin (5-
hydroxytryptamine or 5-HT), a neurotransmitter present in the
nervous system of most animal species. Correspondently, further
observations found these ayahuasca components to display high
affinity for serotonin receptors, especially the 5-HT, receptor
subtype (Smith et al., 1998; Grella et al., 2003).

The beta-carbolines in ayahuasca include harmine, harma-
line and tetrahydroharmine (THH). DMT is an ultra-short-acting
hallucinogenic tryptamine (Callaway et al., 1999) present in sev-
eral plants used as admixtures to the Banisteriopsis caapi vine in
ayahuasca preparations. DMT also is present in tissues of mam-
mals, marine animals and amphibians. In human beings it also
is endogenous, being found in blood, urine and cerebrospinal
fluid (Strassman, 2001). Despite being a potent psychoactive
chemical, DMT is inactive following oral administration at doses
up to 1000 mg, probably due to degradation by gastrointestinal
and liver MAO (monoamine oxidase) (McKenna et al., 1984).
However, when DMT is combined with inhibitors of the MAO
enzymes, as are the beta-carbolines present in ayahuasca, it
becomes able to reach the systemic circulation and the cen-
tral nervous system, thus producing its effects (McKenna et al.,
1984).

The beta-carbolines present in ayahuasca are potent natural,
selective, reversible, competitive inhibitors of peripheral MAO,
and are more active against MAO-A than MAO-B. They also
have a relatively low affinity for liver MAO compared to brain
MAO (McKenna et al., 1984, 1998). There is some evidence,
however, that THH, the second most abundant beta-carboline in
the beverage, acts as a selective inhibitor of serotonin reuptake
as well as an MAO inhibitor (McKenna et al., 1998; Frecska et
al., 2004). The inhibition of both systems — MAO and serotonin
reuptake — by ayahuasca’s beta-carbolines may result in elevated
levels of brain serotonin (McKenna et al., 1998; Luna, 2005).

Despite the fact that the use of ayahuasca is a relatively
widespread practice in countries like Brazil, Peru and Colombia,
and that this practice is spreading to the United Sates, Europe and
other parts of the world, there are few studies that have examined
the brew with rigorous methodologies. One of these investiga-
tions is the biomedical study conducted by Grob et al. (1996),
who investigated 15 long-term users of the brew regarding its
acute and long-term psychological effects as well assessing
peripheral serotonergic function (Callaway et al., 1994; Grob
et al., 1996).

Grob et al.’s study reported that the ayahuasca-using members
of the UDV church among whom the volunteers came were more
reflective, confident, gregarious and optimistic compared to the
control group, which had never used ayahuasca and was age-,
gender-, education-, and socio-economically matched.

However, with respect to our research objectives, the most
interesting findings were those that showed that before mem-
bership in the religion, 11 of the participants were diagnosed as
having previously been afflicted with alcohol abuse disorders,
2 with major depressive disorders, 4 with drug abuse (cocaine

and amphetamines), 11 with tobacco addiction, and 3 with pho-
bic anxiety disorders. Five of the participants with a history
of alcoholism also had histories of violent behavior associated
with binge drinking. All of these psychiatric diagnoses remit-
ted following entry into the religion. All participants reported
that their use of ayahuasca within the religious context led to
improved mental and physical health and significant improve-
ments in interpersonal, work, and family interactions (Grob et
al., 1996; McKenna et al., 1998).

Assessing serotonergic function the authors found a signif-
icant up-regulation in the density of the serotonin transporter
in blood platelets of the ayahuasca drinkers compared to the
control group (Callaway et al., 1994). Up- or down-regulation
of peripheral platelet receptors is considered to reflect similar
biochemical events occurring in the brain. None of the par-
ticipants showed evidence of any neurological or psychiatric
deficit.

Callaway hypothesized that the causative agent of this platelet
effect was tetrahydroharmine (THH). In a self-experiment, he
underwent single photon emission computerized tomography
(SPECT) scans of his own brain 5-HT uptake receptors before
and after a 6-week course of daily dosing with THH. He found
that the density of central 5-HT receptors in the prefrontal cortex
had increased. During recovery over the next several weeks their
density gradually returned to previous levels.

According to McKenna et al. (1998) a deficit of serotonin
reuptake sites in frontal cortex has been found to correlate with
aggressive behavior in alcoholics. If THH were able to specifi-
cally reverse this deficit, it may have applications in the treatment
of this behavior. As mentioned previously, the majority of the
participants in the Grob et al. study had a previous history
of alcoholism, some displaying violent behavior. Although the
behavioral transformation could be due to the supportive social
and psychological environment of a religious group, the finding
of this long-term change in precisely the serotonin system that
is deficient in violent alcoholics argues that biochemical factors
also may play a role (McKenna et al., 1998).

It is well established that anxiety, panic and depressive-
related symptoms are significantly attenuated by 5-HT agonists,
such as tricyclic antidepressants and selective serotonin reup-
take inhibitors (SSRIs), as well as by MAO-A inhibitors that
also exert an indirect agonist action on serotonergic neurotrans-
mission (for recent reviews, see Wikinski, 2004; Nash and Nutt,
2005; Starcevic, 2006). The fact that ayahuasca preparations
contain alkaloids that inhibit both the serotonin reuptake and
MAO-A suggests that the brew might attenuate emotional states
regulated by the serotoninergic system. The present study inves-
tigated this possibility by assessing anxiety, panic and depression
psychometric items in a double-blind protocol in long-term
members of the ayahuasca-using Santo Daime cult.

2. Methodology
2.1. Subjects

Nine healthy volunteers (6 males and 3 females; between
35 and 56 years of age) of the Santo Daime cult community
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Céu do Planalto participated in the study. Eight volunteers had
graduated high school, while one had finished college.

Eligibility criteria included: (1) voluntary participation as
documented through the signing of written informed consent;
(2) long-term use of the brew, as defined by a minimum of ten
years use at a frequency of once every 2 weeks, within the context
of the Santo Daime cult.

Exclusion criteria included: (1) prior history of hyperten-
sion, diabetes or cardiac pathology; (2) current treatment with
any of the following drugs: antipsychotics, anxiolytics, antide-
pressants, mood stabilizers, or appetite suppressants related to
amphetamine; (3) pregnant or breastfeeding women.

No alcoholic beverages or other drugs were consumed 24 h
before the psychometric evaluation, but five of the volunteers
had consumed ayahuasca before data collection, at 22, 20, 18,
16 and 6h (data not treated differently). Volunteers refrained
from tobacco and caffeine-rich beverages 1h before the data
collection.

The study was conducted in accordance with the Declarations
of Helsinki and Tokyo concerning experimentation on humans,
and was approved by the university’s ethics committee at the
University of Brasilia, Brazil (#059/2005).

2.2. Ayahuasca

We obtained a 21 standard sample of the brew prepared by
members of the Santo Daime community consisting of the stalks
of Banisteriopsis caapi Spruce ex Grisebach (Malpighiaceae)
combined with the washed leaves of Psychotria viridis Ruiz et
Pavon (Rubiaceae), boiled and concentrated for several hours.
All the ayahuasca used in the study was from this first sample.

To each liter of ayahuasca were added 70 g of artificial grape
juice (®Fresh, Kraft Foods Brazil S.A.), 3 ml of cherry essence
(®Saborfort, Mix Industry of Food Products LTDA., Brazil)
and 3ml of saccharin- and cyclamate-based artificial sweet-
ener (® Finn, Boehringer Ingelheim Brazil). This procedure was
designed to disguise the distinctive flavor, odor and color of
ayahuasca in order to blind the volunteers regarding whether
they received ayahuasca or vehicle-control.

The vehicle-control solution consisted of the same admix-
tures, while mineral water was used instead of ayahuasca. This
solution was used only in the pre-treatment session.

In order to give the control solution the flavor of ayahuasca,
to minimize the probability of solution identification by the par-
ticipants of the study, 60 ml/l of ayahuasca were added to the
vehicle-control solution used in the experimental sessions. As
the doses used during the study were established in 50 ml, each
individual dose of this ayahuasca-flavored solution contained
approximately 3 ml of ayahuasca.

Solutions were administered in a double-blind manner.

2.3. Chemical analysis

A 500ml sample of the ayahuasca used in the present
study was assayed for the concentration of relevant alkaloids.
This analysis was performed using gas chromatography/mass
spectrometry (GC/MS) with the following instruments: chro-

matograph Agilent Technologies 6§90N, mass selective detector
(operating at 70eV) Agilent Technologies 5973-Inert (500-
40 m/z), automatic injector Agilent Technologies 7683B Series
equipped with a DB-5ms column (0.2 mm X 25 m x 0.33 um).
Initial temperature was 200 °C, while the final was 300 °C. The
ramp rate was 50 °C/min initiated O min after the injection of
the sample. Injector temperature was 280 °C. About 0.2 pl of
ayahuasca were injected.

2.4. Psychometric instruments

As opposed to the relative lack of physiological measures of
motivation, psychometric research has developed several scales
to evaluate the explicit motivational system. We used three scales
to evaluate anxiety: one to evaluate state, or current, anxiety
(anxiety-state), one to evaluate more persistent traits of anxiety
(anxiety-trait), and one to evaluate panic.

State- and trait-anxiety were measured by the state—trait-
anxiety inventory (STAI), previously translated and validated for
a Brazilian sample. The STAI quantifies state-anxiety (A-state),
which fluctuates in intensity throughout time. State-anxiety is to
be distinguished from, trait-anxiety (A-trait), characterized by
more persistent nature of one’s reactivity to the environment.

In order to evaluate panic-like related states, the anxiety sen-
sitivity index (ASI-R) was used, a Brazilian version that is still
in the validation phase. The concept of anxiety sensitivity relates
to the fear of feeling anxious; in other words, the belief that the
somatic anxiety symptoms may have disastrous consequences.
A person with high scores in anxiety sensitivity, for example,
will more likely interpret somatic anxiety symptoms such as
palpitations, dizziness, nausea and sweating as indicative of a
highly pathological process, compared to a person that is less
sensitive to these symptoms. Several studies have showed that
this anxiety sensitivity index is closely related to the diagnosis
of panic disorder.

In order to evaluate hopelessness related symptoms the Beck
hopelessness scale (BHS) was used. This instrument is com-
posed of statements regarding thoughts and beliefs about the
future. These items measure three aspects of hopelessness:
pessimism about the future, loss of motivation, and negative
expectations. This hopelessness construct operates in many men-
tal disorders and is highly correlated with measures of clinical
depression and suicidal ideation.

2.5. Study design and experimental procedure

Initially, a general description of the study was made to the
members of the Santo Daime cult, including information about
the objectives of the research and methods to be used.

Volunteers were enrolled through the signing of a written
informed consent. Baseline, pre-treatment, evaluations were
then performed to assess state-anxiety, trait-anxiety, state panic,
and depression, using a ritual developed exclusively for this
study. During this 1h ceremony the study participants remain
seated chanting religious hymns, and the inactive vehicle-control
solution is administered in a non-blind manner. We designed
this procedure, which is essentially a Santo Daime ceremony
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without active ayahuasca, in order that the participants could
experience the taste, odor and color of the vehicle-control
solution.

The inactive vehicle solution was administered to all par-
ticipants at the beginning of the ritual. One hour after the
consumption of this solution the questionnaires were distributed
to each participant in a randomized fashion and participants
were then instructed as how to fill out the rating scales. Since
ayahuasca can produce effects in different times from person to
person, this randomized method guarantees more veracity to the
results when the participants are under the effects of ayahuasca
in the experimental sessions, because each questionnaire will
be answered in distinct moments. We chose this 1h point
after the consumption of the solution because the most intense
effects of ayahuasca occur between 60 and 120 min (Riba et al.,
2001).

The following week the first experimental session took place,
using the same methodology and structure of the pre-treatment
session. However, in this session, five participants took the
full-ayahuasca solution and four took the ayahuasca-flavored
solution in a double-blinded manner. Questionnaires were dis-
tributed similarly as in the pre-treatment session, and one of the
authors briefly reminded subjects of the correct procedure to fill
out the questionnaires.

A week later, the second experimental session took place
in which those who had received the full-ayahuasca solution
took the ayahuasca-flavored solution, and those who had con-
sumed the ayahuasca-flavored solution took the full-ayahuasca
solution.

The solutions were in opaque plastic cups in order to further
disguise the appearance of each solution. Each volunteer was
assigned a number by which he or she would know which cup
to take from a table upon which the cups were placed.

2.6. Statistical analysis

The results were initially evaluated by a t-test to verify
an order ingestion effect upon any of the outcome measures.
Then, z-test was also employed to examine any treatment (vehi-
cle x ayahuasca) effect. We required a significance level of
P <0.05 to be considered statistically significant.

3. Results
3.1. Chemical analysis

The analysis showed the presence of the beta-carbolines
harmine, tetrahydroharmine (THH), harmaline, harmol, and
N,N-dimethyltryptamine (DMT) (Fig. 1). These findings
are consistent with the data from previous investigations
that found harmine, tetrahydroharmine, harmaline, and N,N-
dimethyltryptamine as the mains constituents of ayahuasca
(McKenna et al., 1984; Callaway et al., 1999). Our identifica-
tion of harmol confirms previous reports of the presence of trace
concentrations of other beta-carbolines in ayahuasca (McKenna
et al., 1998; Riba et al., 2003).

—=
H,CO \ /N H,CO \ -H
3
\ CHs N CH,
H H
Harmine Tetrahydroharmine
(THH)
H.CO \ N HO \N
3 / .
'}‘ CH, N CH,
H H
Harmaline Harmol
N-CH
N
|
H
Dimethyltryptamine
(DMT)

Fig. 1. Chemical analysis by gas chromatography/mass spectrometry (GC/MS) of the ayahuasca preparation used in this study.
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Fig. 2. Mean of changing scores from baseline to experimental sessions across the four different test. Participants (n = 9) ingested the vehicle-control solution (ayahuas-
caflavored solution) or the full-ayahuasca solution. Asterisk (*) indicates a statistically difference between vehicle and ayahuasca treatments with a significance level

of P<0.05.

3.2. Psychometric measures

t-Test revealed that there was no significant effect of order
of ingestion upon any outcome measures [panic-like related
signs: vehicle (#(7)=0.24; P=0.8), ayahuasca (#(7)=0.46;
P=0.7); Beck hopelessness scale: vehicle (#(7)=0.04;
P=0.9), ayahuasca (#(7)=1.31; P=0.1); trait-anxiety: vehicle
(#(7)=0.91; P=0.3), ayahuasca (#(7)=0.47; P=0.7); state-
anxiety: vehicle (#(7)=1.24; P=0.1), ayahuasca (#(7)=0.98;
P=0.3)]. Therefore data from the first and the second exper-
imental sessions were pooled together. Moreover, statistical
analyses were performed in change values, in which each
score test from baseline was subtracted from those resulting
from vehicle and from those resulting from ayahuasca and
then compare these change scores to each other. A positive
value indicates a reduction in the score whereas a negative
value indicates an increase in the score from baseline to the
experimental session.

Fig. 2 presents the mean change across the four measures.
t-Test revealed a statistical significant change in panic-like
related signs (#(8)=7.84; P<0.001) and Beck hopelessness
scale: vehicle (#(8) =6.20; P <0.001), but no significant changes
in trait-anxiety (#(8)=1.01; P=0.2) or state-anxiety vehicle
(#(8)=0.64; P=0.5).

4. Discussion and conclusions

The present study investigated the effects of ayahuasca in
anxiety, hopelessness and panic-like measures through a double-
blind protocol in Santo Daime members. Acute ingestions of
the brew significantly attenuated hopelessness and panic-like
parameters as detected by BHS and ASI-R psychometric scales,
respectively.

In accordance with previously reported studies (McKenna
et al., 1984; Callaway et al., 1999), our sample of ayahuasca
revealed the presence of the beta-carbolines harmine, THH and
harmaline, and the tryptamine N,N-dimethyltryptamine (DMT).
These chemical constituents are structurally similar to serotonin
(McKennaetal., 1998; Callaway et al., 1999), exhibit great affin-
ity for 5-HTa o receptor subtypes (Smith et al., 1998; Grella
et al., 2003) and exert an indirect agonist action in the seroton-

ergic system. For example, THH selectively inhibits serotonin
reuptake, while also inhibiting MAO-A (McKenna et al., 1998;
Frecska et al., 2004). Harmine and harmaline reversibly inhibit
the MAO-A and thus raise central levels of noradrenalin and
serotonin. Also, it has been further indicated that these beta-
carbolines preferentially inhibit MAO-A, the form of enzyme in
which serotonin, and presumably other tryptamines, including
DMT, are the preferred substrates in the brain (McKenna et al.,
1984, 1998).

Taking into account this indirect agonist action of ayahusca at
the monaminergic system, including the noradrenergic but pref-
erentially the serotonergic system, we might speculate that the
reduction of BHS and ASI-R psychometric parameters observed
in the present study were mediated at least in part by this mecha-
nism. This suggestion is supported by the fact that the majority of
antidepressant/antipanic drugs also enhance noradrenergic and
serotonergic functions, either inhibiting noradrenalin and sero-
tonin reuptake, such as the tricycle antidepressants, or selectively
inhibiting serotonin reuptake, such as the widely used selective
serotonin reuptake inhibitors.

It also is possible that DMT, a 5-HT»a/2c agonist that exerts
an effect similar of serotonin itself (Smith et al., 1998), could
attenuate panic-like parameters since 5-HT; receptor activation
in the dorsal periaqueductal grey has been associated to an alle-
viation of panic symptoms (Deakin and Graeff, 1991; Graeff
et al., 1996). However, it is important to note that none of our
volunteers had panic disorders or pathological depression, so
clinical implication of these findings should be analyzed with
caution.

In contrast to significant effect of ayahuasca in the BHS
and ASI-R psychometric scales, the brew did not affect state-
and trait-anxiety as assessed by STAI To this respect, we
must consider that our volunteers, all quite experienced in the
use of ayahuasca, and all long-term members of the Santo
Daime church, may have begun this study with low levels
of anxiety. Thus, there was little room for change in a rela-
tively low-anxiety group, and any putative anxiolytic effect of
ayahuasca would not be apparent when pre-treatment levels were
so low to begin with. Further studies might compare anxiolytic
effects in ayahuasca-naive volunteers. Besides, the complexity
of ayahuasca’s pharmacology, acting simultaneously upon other
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different neurotransmitter systems, selectively affecting differ-
ent subtypes of serotoninergic receptors, located throughout the
brain, could also explain the absence of effects of ayahuasca
on state- and trait-anxiety. Some receptors may have anxiogenic
effects, while others could be anxiolytic, neutralizing the action
of one against the others.

Considering that the volunteers, as members of the Santo
Daime cult, believe that participation in the rituals, using
ayahuasca, is helpful, the psychological changes observed in
this study should be interpreted with caution. The acute psycho-
logical effects of ayahuasca can include euphoria, visions, new
insights and even mystical experiences, all with potential ben-
eficial effects, especially with people that have organized their
live around the religious ceremonies with the brew.

Nevertheless, even if someone is not a member of a religious
group that use ayahuasca, those profound psychological effects,
mediated somehow by the pharmacology of ayahuasca, might by
their own merit affect the psychological changes described. This
line of reasoning, although considering the extrapharmacologi-
cal variables, suggests that the brew, as solely a pharmacological
agent, can produce beneficial effects on mood and anxiety.

Although this study investigated acute effects of the brew in
those using it for at least 10 consecutive years, it is worth specu-
lating that these positive effects may be applicable to the larger
population. Many of the commonly prescribed and effective
anxiolytic, anti-panic and antidepressant drugs have the same
mechanisms of action as those of ayahuasca. In addition, the
psychological effects of ayahuasca may have their own set of
beneficial properties.

The possible therapeutic use of substances like ayahuasca
also must take into account extra-pharmacological variables,
usually referred to as set and setting. Set contains the motiva-
tion, expectation, and preparation of the individual, as well as his
or her biology and personality. The setting is the environment,
social and interpersonal, within which the person’s experience
takes place; it subsumes, as well, the personalities of the people
administering the compound of interest. From a quality con-
trol and experimental consistency point of view, one also must
consider the purity and consistency of the drug itself, and dose
effects.

Careful consideration of these variables and their optimal
management will be necessary to maximize the therapeutic
potential and minimize adverse sequelae associated with hal-
lucinogenic substances (Strassman, 1984; Grof, 2001).
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