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1 | INTRODUCTION

Ayahuasca is becoming more well-known as a potential medicine
among the general populations of developed countries such as the
United States and the United Kingdom (Larbi, 2020). Every year,
many people travel to the Amazonian region, often with the aim to
improve some form of psychological issue they have been struggling
to overcome (Winkelman, 2005). Anecdotal reports of ayahuasca's
healing and transformative potential have led to increasing interest
in the substance worldwide (Frecska, Bokor, & Winkelman, 2016).
Furthermore, outside of the Amazon, one of the primary psychoac-
tive compounds in ayahuasca, N,N-dimethyltryptamine (DMT),
maintains popularity as a recreational drug among psychedelic sub-
cultures globally and ‘underground’ ayahuasca ceremonies are
sometimes conducted in countries such as the UK (Carbonaro &
Gatch, 2016; Pallavicini et al., 2021). Therefore, ayahuasca and DMT
represent an issue of relevance to health and wellbeing as they could
be potentially abused and allegedly have the potential to aid and
catalyse the healing of physical and psychological disorders (Bouso
et al., 2012; Tupper, 2008).

This article seeks to review the literature on ayahuasca and
DMT, assessing their potential therapeutic applications and risks of
use, providing insight into their mechanism of action and outlining
possible future directions for research. The review is also intended to
focus on the mechanisms of action underlying the phenomenology
which, after reviewing the literature, is not widely discussed in sci-
entific publications as the scientific literature has predominantly
focused on the neurochemistry, brain imaging studies and medical
applications rather than the genesis of the highly unusual phenom-
enology. A narrative review style was chosen as opposed to a sys-
tematic review as the latter limits the discussion to papers yielded by
specific searches. The approach chosen leaves the review open to
consider literature that may have no obvious connection with the
topic but which may ultimately be relevant.

In this paper we aim to evaluate the literature and first hand
reports rationally, whilst being aware that not acknowledging the
potential existence of phenomena which cannot be verified using
current analytical techniques can be misguided; an example of this
would be asking someone from the 16th century about the existence
of radio waves as they would neither have been able to prove their
existence nor accurately contest that they do not exist due to the
fact that they could not be measured at that time. Similarly, it is not
impossible that there could be some validity to frequent reports of
allegedly ‘inter-subjectively verified’ unusual phenomena and that
human consciousness and no currently available technology is the
only presently viable method of detecting them (Luke et al., 2018;
Michael et al, 2021; Strassman, 2001; Winkelman, 2018).
Conversely, if all such unusual phenomenological experiences are
entirely non-veridical hallucinations, the mechanism of the genesis of
the hallucinations and other subjective experiences requires eluci-
dation and evidence-based validation to understand the mode of
action. A comprehensive understanding of how such hallucinations

are generated by the brain would be preferable than the source of

such visions remaining unknown if medical healthcare professionals
are to integrate DMT-based therapies into modern medicine and be
able to explain with authority to patients what they are likely to
experience and why. Otherwise, if such treatments become approved
and the medical healthcare profession is unable to adequately explain
the phenomenology, patients will have little option but to consult
non-medical sources in order to develop an understanding of and
integrate their experiences.

2 | POSSIBLE ROLES FOR ENDOGENOUS DMT

DMT, a derivative of the amino acid tryptophan, has been found to be
endogenously synthesised in many species (Barker, 2018a; Barker
et al, 1981; Cozzi et al., 2009). DMT is found in both plants and
animals, including humans (Barker et al., 2012; Carbonaro &
Gatch, 2016). The precise roles of DMT in the large assortment of
species in which it is found remain unknown although some research
has been conducted to resolve these questions (Barker, 2018a; Chu
et al.,, 2014; Luke et al., 2018; Rodrigues et al., 2019).

Early work on DMT's role within humans involved studies of
pathopsychology. It had been hypothesised people with schizo-
phrenia or individuals experiencing other forms of psychosis may
have elevated levels of DMT or other proposed ‘schizotoxins’, but
analyses of DMT concentrations in patients and controls found this
not to be the case (Barker et al., 2012; Carbonaro & Gatch, 2016;
Gillin et al, 1976). The hallucinations in schizophrenia are more
commonly reported to be auditory in contrast to DMT-induced hal-
lucinations, which further adds doubt to such hypotheses (Brito-da-
Costa et al, 2020). To date, no clear link has been found with
endogenous DMT levels and any psychiatric disorder (Barker, 2018a;
Checkley et al., 1980; Grammenos & Barker, 2015). DMT expression
may be modulated at critical times such as during naturally occurring
pivotal mental states, which can lead to psychosis, although such a
function is speculative and not supported by any reliable studies
(Barker, 2018a; Brouwer & Carhart-Harris, 2020). Other suggested
roles for endogenous DMT have included dreams, creativity,
mystical-type phenomena, imagination, near-death experiences
(NDE) and a regulatory function in conventional waking conscious-
ness (Carbonaro & Gatch, 2016; Davis, Barrett et al., 2020; Frecska,
Bokor et al., 2016; Strassman, 2001).

In humans, DMT has been detected in cerebrospinal fluid, urine
and blood using a number of analytical techniques and can be syn-
thesised de novo (Barker, 2018a; Barker et al., 2012). DMT could play
a role in the functioning of the central nervous system (CNS) as it has
been reported to be transported into the brain across the blood brain
barrier (Barker, 2018a; Barker et al., 2012; Cozzi et al., 2009). DMT
levels have been directly measured from peripheral fluids such as
blood, however, if DMT is endogenously synthesised, stored and
metabolised in discrete brain regions then these types of analyses
will only elicit limited relevant information (Barker, 2018a).

Endogenous DMT may be synthesised in the lung, spinal cord,

brain, retina and pineal gland as an enzyme proposed as being
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responsible for its synthesis, indolethylamine N-methyltransferase
(INMT), has been detected in these locations (Barker et al., 2012;
Cozzi et al.,, 2011; Dean, 2018; Thompson & Weinshilboum, 1998).
DMT may have a role in prenatal and neonatal development due to
the presence of high levels of INMT during foetal development and
up-regulation of DMT levels after birth (Barker, 2018a). Additionally,
INMT has been located in numerous regions of the CNS including the
amygdala and frontal cortex (Barker, 2018a; Carbonaro &
Gatch, 2016; Morgan & Mandell, 1969). However, detecting INMT
expression does not equate to detecting the presence of DMT as
INMT has other substrates, besides tryptamine, including histamine
for which INMT has a higher affinity (Barker, 2018a; Dean, 2018;
Nichols, 2017).

Some evidence has accumulated of DMT, and structurally related
compounds, acting as a neurotransmitter which may participate in
cell signalling in processes involved in sensory perception and
modulate serotonin (5-hydroxytryptamine or 5-HT) receptors
including 5-HT1A, 5-HT1B, 5-HT1D, 5-HT2A, 5-HT2B, 5-HT2C, 5-
HT5A, 5-HTé6 and 5-HT7 with varying degrees of affinity (Carbo-
naro & Gatch, 2016; Cozzi et al., 2009; Dean et al., 2019). DMT has
been demonstrated to be taken up into neurons via serotonin uptake
transporters (SERT) on neuronal plasma membranes, thus providing a
mechanism for accumulation of DMT in neuronal cells
(Barker, 2018a; Carbonaro & Gatch, 2016; Cozzi et al., 2009). DMT
can be sequestered into synaptic vesicles from the cytoplasm by the
neuronal vesicle monoamine transporter 2 (VMAT2) and thus stored
in storage vesicles in pharmacologically relevant concentrations
(Barker, 2018a; Carbonaro & Gatch, 2016; Cozzi et al., 2009).
Additionally, following experimentally-induced cardiac arrest, higher
DMT levels have been observed in the visual cortex (Dean
et al.,, 2019). However, while endogenous DMT may play some form
of regulatory psychophysiological role, there is no consensus whether
or not DMT acts as a neurotransmitter, neurohormone and/or a
neuroregulator (Barker, 2018a; Carbonaro & Gatch, 2016; Frecska
et al, 2013; Nichols, 2017; Wallach, 2009). Furthermore, despite
DMT being found to be uptaken by serotonin uptake transporters,
this may be a secondary consequence of its structural similarity to
serotonin (Cozzi et al., 2009).

INMT has been detected in postsynaptic sites of C-terminals of
motor neurons in close proximity to sigma-1 receptors
(Barker, 2018a; Mavyultov et al., 2012). It has been suggested that
DMT is an endogenously synthesised sigma-1 receptor modulator
which can be stored in neurons and bind to sigma-1 receptors
(Barker, 2018a; Cozzi et al., 2009; Fontanilla et al., 2009; Su
et al, 2009). Sigma-1 receptors have been located in the human
brain, with highest densities in the cerebellum, orbitofrontal cortex,
nucleus accumbens, occipital cortex and frontal cortex, in addition to
the retina, liver, lung, heart and immune system (Cozzi et al., 2009;
Frecska, Bokor et al., 2016). Inside cells, sigma-1 receptors are
located mainly at the interface of the endoplasmic reticulum and
mitochondria (Frecska, Bokor et al., 2016). The function of sigma-1
receptors is not well understood although it is known that DMT

can inhibit voltage-gated sodium (Na+) channels via sigma-1 receptor

agonism and sigma-1 receptors modulate neuronal differentiation,
can act as intracellular signal transduction amplifiers, protect cells
against reactive oxygen species, modulate inflammation, regulate
brain-derived neurotrophic factor (BDNF) secretion and can inhibit
apoptosis signalling, with potential roles for DMT in modulating these
functions and others (Fontanilla et al., 2009; Frecska et al., 2013;
Frecska, Bokor et al., 2016; Fujimoto et al., 2012; Hayashi, 2019;
Nardai et al., 2020; Su et al., 2009; Su & Hayashi, 2003). Studies have
suggested that DMT agonism of sigma-1 receptors leads to reduced
damage to neurons induced by hypoxia and oxidative stress and may
up-regulate neuroregeneration and promote plasticity via increased
expression of BDNF (Barker, 2018a; Szabo et al., 2014; Szabo and
Frecska, 2016; Szabo et al., 2016). It is possible that DMT may also
play a role in immunoregulation via sigma-1 receptor modulation as
sigma-1 receptors are also expressed on many cells of the immune
system (Carbonaro & Gatch, 2016; Frecska et al., 2013). DMT could
have an immunoregulatory role via sigma-1 receptor modulation as
DMT has been found to inhibit pro-inflammatory cytokine (IL-1B,
IL-6, TNFa) production and enhance release of anti-inflammatory
cytokine IL-10 (Brito-da-Costa et al., 2020; Frecska et al., 2013).
However, DMT has a comparably low affinity for sigma-1 receptors
which calls into question any role of endogenous DMT and sigma-1
receptors (Carbonaro & Gatch, 2016; Fontanilla et al, 2009).
Therefore, the many hypothesised roles of DMT with sigma-1 re-
ceptors may be due to the fact that the sigma-1 receptor has only
been discovered relatively recently and its exact functions are not
well understood (Hayashi, 2019; Rossino et al, 2021; Su &
Hayashi, 2003).

An additional potential role of sigma-1 receptor agonism by
endogenous DMT may involve potentiation of N-methyl-D-
aspartate (NMDA) receptors (Carbonaro & Gatch, 2016; Cozzi
et al., 2009). DMT has been found to modulate ionotropic and
metabotropic glutamate receptors including NMDA receptors
(Carbonaro & Gatch, 2016). Glutamate receptors are responsible
for glutamate-mediated postsynaptic excitation of neural cells and
have been found to be involved in neural communication, the for-
mation of memories, and learning (Barco et al, 2006; Reiner &
Levitz, 2018).

Poorly understood possible neurochemical roles of endogenous
DMT include that DMT has been shown to be an agonist in binding to
trace amine associated receptors (TAAR) including TAAR-1 and
TAAR-6, although the downstream effects of binding to TAAR-1 and
their relevance beyond accumulation of cyclic adenosine mono-
phosphate (cAMP), a ubiquitous cell signalling molecule involved
in many biological processes, are unknown (Barker, 2018a;
Wallach, 2009). The TAAR-6 receptor has been located in relatively
high occurrence in the amygdala, hippocampus and prefrontal cortex,
and endogenous hallucinogens such as DMT have been speculated to
be ligands of these receptors (Wallach, 2009). DMT appears to have
effects on the dopaminergic system and acetylcholine signalling
although such effects are reportedly not significant and any role of
endogenous DMT and dopamine and acetylcholine function is unclear
(Carbonaro & Gatch, 2016; Haubrich & Wang, 1977; Smith, 1975,
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1977). Additionally, DMT could bind to and modulate proteins which
are yet to be discovered.

Rick Strassman's studies in the 90s, and his subsequent book on
the study, DMT: The Spirit Molecule, led to much interest in the role of
DMT and the pineal gland and its link with hallucinatory experiences
and potential metaphysical roles (Luke et al., 2018; St John, 2016;
Strassman, 2001). This interest has been partly based on René Des-
cartes' hypotheses on the role of the pineal and the observation that
INMT and DMT have been detected in the pineal gland
(Barker, 2018b; Cozzi et al., 2011; Nichols, 2017; Shoja et al., 2016;
Strassman, 2001). Strassman hypothesised that DMT secreted in the
pineal gland during foetal development and death may act as a form
of mechanism for the ‘mindstream’ (i.e. soul) of an individual to enter
and leave the body (Lama, 2005; Nichols, 2017; St John, 2016;
Strassman, 2001). However, even allowing for the hypothesised ex-
istence of a mindstream (Alexander, 2012; Frecska et al., 2011;
Lama, 2005; Long, 2014; Moody, 1988; Parnia et al, 2001;
Tucker, 2009; van Lommel et al., 2001), a concept which is generally
not supported by contemporary neuroscientific researchers (Met-
zinger, 2009; Pyysidinen, 2009; Timmermann et al., 2018; Winkel-
man, 2017), there are some basic difficulties with such a model. For
example, if a developing foetus had a genetic abnormality that
resulted in the absence of a pineal gland, would that mean that the
individual would have no mindstream? Furthermore, at the point of
death, if the pineal gland was destroyed, that is, if there was a severe
traumatic brain injury, would that mean that the mindstream cannot
leave the body? If the concept of a mindstream were to have any
validity, by definition its function would be unlikely to be dependent
upon adequate functioning of the physiology or neurochemistry of a
living organism during the process of dying. In rare cases of humans
and other animals which normally possess a pineal gland not having
one, there is little evidence to suggest that the pineal has such a
major function as implicated by these hypotheses (Nichols, 2017,
2018). Furthermore, it is difficult to conceive of a mechanism by
which an organic molecule would reach a threshold concentration in
a specific region of a developing or dying human body and enable, or
otherwise be associated with, the hypothetical mindstream entering
or exiting the body. Therefore, whilst there may be a physiological
function of endogenous DMT, conceptual problems render this
hypothesised DMT and pineal gland function unlikely (Checkley &
Park, 1987).

Considering other DMT and pineal gland hypotheses, whilst
DMT could play a role in dreaming, no studies of DMT expression and
circadian rhythms have been conducted and pinealectomised rats did
not display differences in rapid-eye movement (REM) sleep which
casts doubt on the relevance of DMT synthesis in the pineal and
dreaming (Barker, 2018b; Barker et al, 2013; Nichols, 2017).
Considering the light sensitive cells in the pineal, which are present
as the gland derived from a third eye which atrophied to the brain
(Shoja et al., 2016), there is a possibility, at least hypothetically, for a
role of the pineal and closed eye hallucinations or images during
dreaming although such a hypothesis remains highly speculative and

is not corroborated by any reliable studies.

Finally, as no clear role for endogenous DMT has been estab-
lished, it may be that the DMT that has been detected in human
studies plays no significant psychophysiological role and that the
DMT detected is an intermediary compound in biosynthetic meta-
bolic processes.

3 | EXOGENOUS DMT

DMT has been found to be synthesised in at least 50 species of plants
(Dominguez-Clave et al., 2016). When consumed via ingestion, DMT
is not psychoactive due to its rapid breakdown by monoamine oxi-
dase (MAO) enzymes which catalyse its degradation prior to reaching
the brain in sufficient concentrations in order to elicit a psychoactive
response (Alamia et al., 2020; Barker, 2018a). However, some Native
American cultures have developed snuffs, such as yopo and epend,
which contain enough DMT to induce an altered state of con-
sciousness (Fontanilla et al., 2009; Luke et al., 2018). Typically in
contemporary recreational settings, DMT is consumed via vapor-
isation and smoking (Winstock et al., 2014), additionally DMT can be
administered as an intravenous (IV) or intramuscular (IM) injection
and these methods bypass the enzymatic degradation associated
with ingestion (Barker, 2018a; Riba et al., 2015). The earliest recor-
ded example of intramuscular injection of DMT was conducted by the
Hungarian researcher Stephen Szara in the 1950s who found DMT
has powerful hallucinatory effects (Barker, 2018a; Dominguez-Clave
et al., 2016; Szara, 1956). A smoking blend called changa also has
some popularity among psychedelic subcultures and the mixture
contains both DMT and monoamine oxidase inhibitors (MAOIs)
derived from plant sources (St John, 2017). Onset of the effects of
DMT typically occurs within seconds of administration and the sub-
jective effects usually dissipate in 15-60 min depending on the dose
(Barker, 2018a;
Qualls, 1994). In Rick Strassman's studies, DMT was administered via

and route of administration Strassman &
IV injection and one of the motivations for this as opposed to
smoking was that it was less problematic to administer the desired
dose (Strassman, 2001; Strassman & Qualls, 1994). Studies have
shown that DMT does not induce tolerance and therefore extended
and repeated administrations are possible (Brito-da-Costa
et al., 2020; Carbonaro & Gatch, 2016; Strassman and Qualls, 1994;
Strassman, 1996, 2001).

4 | AYAHUASCA

The brew ayahuasca, meaning Vine of Souls or Vine of the Dead in the
Incan Quechua language, also called yagé, daime and hoasca among
other names (Brito-da-Costa et al., 2020; Strassman et al., 2008), has
been used for thousands of years in the Amazonian region as a form
of medicine and source of knowledge (Frecska, Bokor et al., 2016;
McKenna et al.,, 1998). Ayahuasca is used by indigenous and mestizo
(ethnically mixed) groups and its use has been incorporated into

Christian and Afro-Brazilian religious practices with such ayahuasca-
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using religious groups including the Santo Daime, the Unido do Vegetal
and the Barquinha which have expanded to Europe and North
America in recent years (Dominguez-Clave et al., 2016; dos Santos
et al, 2019b; Fabregas et al., 2010; Frecska, Bokor et al., 2016).
Ayahuasca is a brew which consists of the B-carboline harmala
alkaloid containing vine Banisteriopsis caapi, after which the brew is
generally named, and often, but not always, an additional admixture
plant or plants are added such as Psychotria viridis or Diplopterys
cabrerana which contain tryptamines such as DMT (Bouso
et al,, 2015; Brito-da-Costa et al., 2020). The harmala alkaloids have
many physiological effects although one of their earliest recognised
roles is to inhibit the degradation of DMT by MAO enzymes in the
gut and liver and thus make it orally active (Agurell et al., 1968;
Barker, 2018a; Bilhimer et al., 2018; McKenna, 2004; McKenna
et al,, 1984; Riba et al., 2003).

In contrast to the effects of inhaled DMT being observed within
seconds of inhalation, it can take around 30 min for the subjective
effects of ayahuasca to begin to be felt and in contrast to inhaling
pure DMT, the subjective effects of which typically dissipate after
20 min, ayahuasca sessions often last between 4 and 6 h with peak
intensity of effects often felt at around 1.5 h after consumption
(Dominguez-Clave et al., 2016; Riba et al., 2001, 2003; Tafur, 2017).
In addition to hallucinations, somatic symptoms such as vomiting,
dizziness and diarrhea are also frequently reported, however, many
attest that such ‘purging’ is a beneficial cathartic aspect of the
experience (Bilhimer et al, 2018; Dominguez-Clave et al., 2016;
Frecska, Bokor et al., 2016; Riba et al., 2001; Tafur, 2017). As is
comparable with DMT, ayahuasca does not induce tolerance upon
repeated dosing and therefore extended and repeated sessions are
possible (dos Santos et al., 2012). Capsules, referred to as pharma-
huasca, containing freebase DMT and MAOIs such as synthetic har-
maline or Syrian Rue have been consumed, but these admixtures
cannot be viewed as being equivalent to regular ayahuasca due to the
other components of the plants which are not present in pharma-
huasca (Carbonaro & Gatch, 2016). In Amazonian traditions, the
ritual or ceremonial elements are considered to impact the experi-
ence beyond the recognised pharmacological properties of the plants
(Tafur, 2017).

4.1 | Reported medical applications of Amazonian
ayahuasca plant medicine

Ayahuasca use has been found to be associated with high levels of
overall wellbeing in healthy individuals (Brito-da-Costa et al., 2020;
dos Santos et al., 2016a; Frecska et al., 2012; Gonzalez et al., 2021).
Ayahuasca users exhibit reduced psychopathology with lower ratings
for obsessive-compulsive, somatic, interpersonal sensitivity, depres-
sive, neurotic, hopeless, hostile, phobic, anxious, paranoid and psy-
chotic symptoms (Bouso et al., 2012; Brito-da-Costa et al., 2020; dos
Santos et al., 2007; Grob et al., 1996; Netzband et al., 2020; Weiss
et al., 2021). Long-term ayahuasca use has been associated with

better performance on neuropsychological tests, including working

memory and attention, compared to matched controls (Bouso
et al, 2012, 2015; Brito-da-Costa et al, 2020; Carbonaro &
Gatch, 2016). Additional reported benefits of ayahuasca use include
enhanced creativity, greater ability to overcome grief and reduced
concerns for body image in adolescents (Brito-da-Costa et al., 2020;
da Silveira et al., 2005; Frecska et al., 2012; Gonzalez et al., 2020).

Interestingly, despite being a psychoactive drug, ayahuasca has
been found to not elicit dependence in consumers and can aid in the
treatment of addictions to other substances including alcohol and
cocaine (Barbosa et al., 2018; Bouso et al., 2012; Dominguez-Clave
et al, 2016; Fabregas et al, 2010; Grob et al, 1996;
McKenna, 2004; Tafur, 2017; Thomas et al., 2013). Ayahuasca has
been found to both reduce early behaviours associated with the
initiation and development of alcohol use disorder and also reverse
the behaviours associated with chronic ethanol administration
(Dominguez-Clave et al., 2016; Lawn et al, 2017; Oliveira-Lima
et al., 2015). Ayahuasca users, in a variety of environmental con-
texts including in jungle and urban settings, have demonstrated less
addictive tendencies, substance abuse and fewer associated psychi-
atric/psychosocial problems than matched controls (Barbosa
et al,, 2018; Bouso et al.,, 2012; Carbonaro & Gatch, 2016; Fabregas
et al.,, 2010).

Several small contemporary studies of people in syncretic re-
ligions, in indigenous ceremonial contexts and in clinical settings have
shown that ayahuasca may be beneficial for individuals experiencing
psychiatric problems such as stress-related disorders, depression and
anxiety (Barbosa et al., 2005; Dominguez-Clave et al., 2016; dos
Santos & Bouso, 2019; dos Santos & Hallak, 2019; dos Santos
et al, 2016c, 2018, 2016a; Jimenez-Garrido et al., 2020; Palhano-
Fontes et al., 2019; Sanches et al., 2016; Zeifman et al., 2021).
Ayahuasca use has shown marked improvements in depressive
symptoms with no concomitant mania or hypomania for up to
21 days after a single dose (Bouso et al., 2012; Carbonaro &
Gatch, 2016; dos Santos et al., 2007; Osoério et al., 2015). A single
dose of ayahuasca in patients diagnosed with treatment-refractory
depression has been found to elicit therapeutic effects and in two
larger scale studies, ayahuasca decreased ratings of anxiety in
depressive-disorder patients (Brito-da-Costa et al., 2020; Carbo-
naro & Gatch, 2016; Osério et al.,, 2015; Palhano-Fontes et al., 2019;
Sanches et al., 2016). Ayahuasca may be applicable to the treatment
of post-traumatic stress disorder (PTSD), as indicated in a number of
case reports, although the evidence supporting this application is
anecdotal and preliminary (Inserra, 2018; Nielson & Megler, 2014;
Tafur, 2017). Ayahuasca has been found to help people take a de-
tached, or mindful, view of their thoughts and emotions and such
mindful awareness attributes are well-known to be associated with
improved psychological and physical wellbeing (Dominguez-Clave
et al,, 2016, 2021, 2016; Sampedro et al., 2017; Soler et al., 2016,
2018; Tafur, 2017).

Additionally, ayahuasca has been found in case studies to be
beneficial for the treatment of conditions relating to the psycho-
neuroendocrine immune (PNEI) system including psoriasis, eczema
and Crohn's disease (Shenefelt & Shenefelt, 2014; Tafur, 2017).
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Crohn's disease, for example, has no reliably effective treatments in
contemporary medicine and novel therapeutic approaches are
required (Shi & Ng, 2018). The PNEI network links the limbic region
of the brain, the autonomic nervous system (ANS), the endocrine
system and the immune system (Gonzalez-Diaz et al, 2017).
Emotional disturbances are often expressed through the autonomic
nervous system and the immune system and such dysfunction can
generate a number of inflammatory problems such as eczema and
psoriasis (Chen & Lyga, 2014; Suarez et al., 2012; Tafur, 2017).
Ayahuasca has been proposed as being capable of clearance of the
‘allostatic load’ - the psychobiological impact of chronic exposure to
elevated or fluctuating endocrine or neural responses resulting from
chronic or repeated stress - and thus able to treat disorders such as
migraines, chronic cough and menstrual pain which, like psoriasis, are
thought to be caused in part by neurogenic inflammation (Chiu
et al., 2012; Guidi et al., 2021; Tafur, 2017). However, reports of
ayahuasca's applicability to treat disorders relating to the PNEI
system, including Parkinson's, are mostly anecdotal and studies are
very preliminary (de Araudjo, 2019; de Pablo-Fernandez et al., 2017;
Tafur, 2017; Willis, 2008).

Ayahuasca has been found to enable people to have cathartic
psycho-spiritual experiences which can catalyse long-term alter-
ations in psychological outlook (Bouso et al., 2012). Increased mea-
sures of ‘self-transcendence’,’ reported feelings of an enhanced
sense of spirituality and being connected to a larger spiritual con-
sciousness have been associated with ayahuasca use (Bouso
et al, 2012; Frecska, Bokor et al., 2016; Luke et al, 2018;
Tafur, 2017). Such psycho-spiritual experiences and long-term al-
terations in perception reportedly enable forgiveness and compas-
sion for the people in their lives (Bouso et al., 2012; dos Santos
et al., 2018; Tafur, 2017). In addition to forgiveness of others,
ayahuasca has been found to increase self-acceptance and accep-
tance of one's own life situation and history with such changes in
psychological outlook perhaps underpinning remission of psychiatric
disorders (Bouso et al., 2012; Dominguez-Clave et al., 2016; dos
Santos et al.,, 2018; Soler et al., 2018). Reported benefits of ayahuasca
use include a greater sense of meaning and purpose in life (p < 0.001),
sacredness of life (p < 0.001) and altruism (p < 0.001) when
compared with non-ayahuasca using controls (Bouso et al., 2012).

5 | PHENOMENOLOGY

5.1 | N,N-dimethyltryptamine

As is consistent with classic psychedelics, the subjective effects of
DMT are strongly influenced by set and setting in which a negative
environment and mindset prior to consumption is more likely to lead

to negative subjective effects and conversely a positive build up and

'Self-transcendence has been defined as: Overcoming the limits of the individual self and its
desires in contemplation and realisation, and potentially experiencing ideas such as
considering oneself an integral part of the universe.

environment is generally more likely to lead to a positive subjective
experience (Brito-da-Costa et al., 2020; dos Santos et al., 2021;
Hartogsohn, 2016). However, the subjective effects of DMT are
reportedly very unpredictable and first-hand reports indicate that
the subjective effects of DMT are less predictable than other psy-
chedelics such as (Brito-da-Costa et al, 2020;
Strassman, 2001).

Initial effects are typically of a stimulant-type sometimes

psilocybin

accompanied by anxiety, elevated heart rate and blood pressure,
confusion and a sense of being overwhelmed (Brito-da-Costa
et al., 2020; Cott & Rock, 2008; Strassman, 2001). Soon after inhaling
DMT, the consumer often sees kaleidoscopic interlaced geometric
patterns, kinaesthetic hallucinations can occur such as feelings of
vibrations, auditory hallucinations can also arise including '8-bit-
(Cott &
Rock, 2008; Strassman, 2001). The external world can appear

Super-Nintendo-like' music and vibrational sounds
brighter with rippling effects which can be overlaid by multicoloured
fractal imagery (Cott & Rock, 2008; Strassman, 2001). Synesthesia
can be experienced in which stimulation of one sense or part of the
body can produce a sense impression relating to another sense or
part of the body. Typical synesthetic experiences include seeing
sounds in the mind's eye as colours (dos Santos et al., 2019b).

Subjective effects are often reported to have a dream-like
quality, yet participants frequently report feeling lucid and able to
appreciate the experience as if in a non-drug-induced state of con-
sciousness (Cott & Rock, 2008; Davis, Clifton et al., 2020; Strass-
man, 2001). Intense emotions and mood changes can arise with
powerful emotional responses such as bliss and fear being frequently
reported (Cozzi et al, 2009; Davis, Clifton et al, 2020;
Strassman, 2001).

Altered perceptions of time and space are common, with people
reporting a dissolution of conventional space-time, a sense of
detachment from the body and merging into an all-pervading con-
sciousness (Davis, Clifton et al., 2020; Strassman, 2001). Such anec-
dotes include reportedly learning how consensus three dimensional
reality is a subset of reality composed of more dimensions (Cott &
Rock, 2008). Many DMT users report a sense of familiarity with the
altered perceptions of space and time and a feeling of having
perceived these domains before (Cott & Rock, 2008; Davis, Clifton
et al., 2020; Michael et al., 2021; Strassman, 2001).

Unitive mystical-type experiences are often reported which are
complemented by profound sensations of bliss and a loss of ego
identity (Cott & Rock, 2008; Milliere et al., 2018; Strassman, 2001).
NDE-type states have also been reported with subjective experi-
ences including going through a tunnel and entering blinding white
light - as consistent with classic near-death experiences (Michael
et al., 2021; St John, 2018; Strassman, 2001). Additionally, consumers
have reported speaking with deceased people who they have previ-
ously known and reaching a staging zone for mindstreams to incar-
nate into a body (Michael et al., 2021; Strassman, 2001). An inability
to explain the experience using words, ineffability, is a common
feature of subjective DMT reports which is also typical of classic

mystical and near-death experiences (Cott & Rock, 2008; Davis,
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Clifton et al., 2020; James et al., 2020; Strassman et al., 2001). DMT
users frequently describe some form of acute psycho-spiritual
changes during the subjective experience which they later incorpo-
rate into their long-term perception of the cosmos (Cott &
Rock, 2008; Griffiths et al., 2019).

DMT consumers often report being transported to an alternative
‘world’, ‘reality’ or ‘universe’ and in many cases these alternate realms
or domains are perceived to be more real than everyday reality even
after the subjective effects of the drug have dissipated (Cott &
Rock, 2008; Strassman, 2001). Around half of the participants in
Strassman's studies perceived ‘invisible worlds’ which are reportedly
often inhabited by entities or intelligences (Davis, Clifton et al., 2020;
Strassman, 2001). Common descriptive labels for the entities
encountered include beings, guides, spirits, aliens, machine elves and
helpers (Davis, Clifton et al., 2020; Luke et al., 2018). The entities are
often perceived as having initiated the interaction rather than the
individual under the effects of DMT (Davis, Clifton et al., 2020).
Encounters with perceived entities can induce strong emotional re-
sponses including fear, kindness, friendship and love with the entities
themselves also often reportedly having a, usually positive, emotional
reaction to the encounter (Davis, Clifton et al., 2020). Such entities
are commonly described as attempting to impart useful information
typically via some form of extrasensory (i.e. telepathic) and/or
auditory means (Cott & Rock, 2008; Davis, Clifton et al., 2020;
Strassman, 2001). Communication between the entity and the
perceiver is typically reported as from the entity to the perceiver or
2-way but rarely solely from the perceiver to the entity (Davis,
Clifton et al., 2020).

Intriguingly, a recent study of DMT inhalation suggests that of
individuals who have entity encounter experiences, around 96% and
72% contest that these entities are conscious and intelligent, and
continue to exist after the effects of the drug have worn off,
respectively (Cott & Rock, 2008; Davis, Clifton et al., 2020). This is an
unusual statistic for a drug-induced hallucination because in other
circumstances hallucinations are more frequently determined to have
been non-veridical creations of the mind and in no way real.
Furthermore, many people report the entity encounter experience as
being more real than everyday waking consciousness (Davis, Clifton
et al., 2020). DMT occasioned entity encounters have been associ-
ated with reduced atheistic attitudes, with a majority of people
having DMT-induced entity experiences reporting that the encounter
catalysed long-term alterations in perceptions of the functioning of
reality (Davis, Clifton et al, 2020). Entity encounters are often
associated with increased life satisfaction and meaning; however, in a
study by Davis, Clifton et al. (2020) it was found that DMT-induced
entity encounters were statistically significantly less likely
(p < 0.001) to be associated with positive enduring effects compared
to merging with ‘God/ultimate reality’ (as in a classic mystical expe-
rience) when compared to results of a similar study (Davis, Clifton
et al., 2020; Griffiths et al., 2019).

Rick Strassman classified DMT experiences into the following
subtypes: Personal, Transpersonal, and Invisible Worlds; and DMT

experiences can consist of varying combinations of the three subsets

for example, encounter with seemingly autonomous entities followed
by a mystical-type experience (Strassman, 2001). In Strassman's
studies, the participants were all administered DMT in the same
sterile hospital environment, however, the subjective effects were
sometimes very different from one person to another, with some
experiencing classic unitive mystical-type experiences and others
having confusing entity encounter experiences with no apparent
psychological benefits (Strassman, 2001).

5.2 | Ayahuasca

Many similar themes occur in first-hand ayahuasca reports although
the phenomenology of DMT and ayahuasca are not completely
equivalent. A significant difference between DMT and ayahuasca is
the length of time of the experience as, whilst inhaled or injected
DMT experiences last around 20 min, ayahuasca sessions last several
(approximately 4) hours (Frecska, Bokor et al., 2016). As the sub-
jective effects begin to be felt strongly, the experience is often
accompanied by emotions such as fear and confusion with frequent
vomiting and diarrhea; the perception of time is altered, and a sense
of entering altered domains of existence (i.e. the ‘spirit world’) is
often reported with subjective experiences including entity encoun-
ters and a sense of merging with the cosmos (Brito-da-Costa
et al., 2020; Frecska, Bokor et al., 2016; Tafur, 2017).

Perceptions of geometric patterns (Figure 1), mythological
beings, chimeras or hybrids, extraterrestrials, celestial beings,
semi-divine beings (such as Hindu deities), spirit guides, demons or
monsters, plant spirits and also animals including snakes and black
pumas are often reported under the influence of ayahuasca (Frecska,
Bokor et al., 2016; Luke, 2020; Narby, 1998; Shanon, 2002;
Strassman et al., 2008; Tafur, 2017). When consuming ayahuasca in
the Amazonian region, many consumers attest that they establish a
relationship with ‘the spirit of ayahuasca’ which is often perceived to

FIGURE 1 Shipibo kene which is a representation of some of
the visual aspects of ayahuasca experience (image courtesy of Dr
Joseph Tafur)



8035 | WILEY

JAMES ET AL

be female, but in some cases is male (Hoffman, 2019; Narby, 2021;
Tafur, 2017). Consumers of ayahuasca talk about being communi-
cated with and taught by the spirit of ayahuasca through visions
(Luke et al., 2018; Narby, 2021; Tafur, 2017). Visions of landscapes of
what appear to be other worlds are frequently reported (Luke
et al., 2018; Strassman et al., 2008). Perceptions of and conversations
with the deceased are not uncommon in ayahuasca sessions (dos
Santos et al., 2018; Tafur, 2017). Many pasajeros (Spanish: travellers
or journeyers) attest that ayahuasca visions feel real despite the
hallucinations often having little relation with everyday waking
consciousness (Narby, 1998; Tafur, 2017).

Ayahuasca sessions are often reported to be highly introspective
and dream-like with interplay between thoughts, memories and
emotions (Bilhimer et al., 2018; Dominguez-Clave et al, 2016;
Frecska, Bokor et al., 2016; Tafur, 2017). Autobiographical streams of
consciousness are common and retrieval of forgotten memories can
occur, for example, someone in their 70s reported remembering
events which took place when they were 8 months old (Frecska,
Bokor et al., 2016; Tafur, 2017). Additionally, some people report a
sense of experiencing events from another person's perspective, for
example, seeing events in the lives of people they know which were
formative in their personality and enabling a greater empathy for
people they had previously felt antipathy towards (Roseman
et al., 2021; Tafur, 2017). Psychological issues such as traumatic
memories can become illuminated with the capacity to view the
problems from numerous perspectives and therefore allowing
greater insight into maladaptive cognitive, emotional and behavioural
patterns and a sense of psychological restructuring (Frecska, Bokor
et al., 2016). In addition to past events, ayahuasca can enable con-
sumers to perceive future outcomes of their behaviours, which can
provide motivation for changing behavioural patterns such as
addiction (Frecska, Bokor et al., 2016; Tafur, 2017).

Ayahuasca sessions are often associated with an ‘afterglow’ of
several days in which greater positive mood and openness are felt
(Dominguez-Clave et al., 2016). The phenomenology of ayahuasca
has led people to attest that their experiences with ayahuasca are
some of the most deeply important and meaningful of their lives with
transformative long-term beneficial effects including themes of
redemption and forgiveness (dos Santos, Sanches, et al., 2018;
Frecska, Bokor et al., 2016; Tafur, 2017).

6 | AMAZONIAN SCIENCE, PRACTICES AND
BELIEFS

This section summarises the science, practices and beliefs of many
ayahuasca using groups in the Amazon. This section is included to
present selected medical and ceremonial practices of indigenous
ayahuasca using peoples and how they view reality through their
use of ayahuasca. Such information highlights some of the chal-
lenges involved in incorporating Amazonian ayahuasca plant
medicine into contemporary medical practices (Tafur, 2017,
Winkelman, 2021).

People in the Amazon have been cultivating and domesticating
plants in the rainforest since pre-Columbian times with many of the
plants being used in indigenous healing practices (Levis et al., 2017).
There are numerous ayahuasca consuming peoples in the Amazonian
region and amongst the Amazonians the Shipibo-Conibo, the Tukano,
the Kamsa and the Huitoto are particularly well-renowned for their
science and knowledge of ayahuasca and plant medicine in general,
according to anthropologist Jeremy Narby (1998). The use of plant
hallucinogens in these types of practices is one variant of a group of
practices that in contemporary English are known collectively as
shamanism; however, the word shamanism derives from a Siberian
Tungus-Mongol word, saman, and is now used as an all-encompassing
term to describe generalised belief systems which have many simi-
larities across the world in cultures which have no apparent
connection with each other (Frecska, Hoppal et al., 2016).

In Amazonian ayahuasca using cultures, ayahuasca is generally
viewed with respect and is not used casually in a way that could be
described as recreational but, rather, in a social and functional
context such as for information gathering and healing (Cott &
Rock, 2008; Frecska, Bokor et al., 2016; Tafur, 2017). In order to
become an established ayahuasquero, arguably the equivalent of a
doctor of ayahuasca, trainees have to undergo several years of
training, with training often lasting 6 or 7 years as is comparable with
medical degrees in North America and Europe (Tafur, 2017).
Ayahuasca is typically ingested by an ayahuasquero in order to
journey to the ‘spirit world’ and access information (e.g. the remote
location of a plentiful food source) not usually attainable (Cott &
Rock, 2008; Frecska, Hoppal et al., 2016; Luke et al., 2018). In many
indigenous-type communities a specialised building, in some regions
referred to as a maloca, is the setting for people to use ayahuasca in
ceremony. Malocas often are circular and spacious with a high ceiling
(Figure 2). Ayahuasca ceremonies are usually conducted at night and
are often followed up by further processes, sometimes including
cleansing flower baths, with discussion and psychological integration
(Frecska, Bokor et al., 2016; Gonzalez et al., 2021; Tafur, 2017).

FIGURE 2

Interior of a contemporary maloca that has been
used to provide ayahuasca ceremonies for international non-
Amazonian people in the Peruvian Amazon (image courtesy of Dr
Joseph Tafur)
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The medical beliefs of ayahuasqueros differ from contemporary
‘western’ medicine as, in addition to biological mechanisms of action,
concepts such as emotional and healing energies, interactions with
consciousnesses present in alternate domains of existence and
ancestral traumas, amongst others, are held to be relevant to healing
processes (Tafur, 2017). For example, if an illness is of an energetic
nature, chemical and physical approaches like medications and sur-
gery are believed to be unlikely to solve the problem and a shaman or
spiritual healer will be needed to interact with the energy body and
help to heal dysfunction in the emotional body (Tafur, 2017). The
vomiting and purging involved in ayahuasca sessions are believed in
Amazonian medicine to be a mechanism of releasing emotional and
mental pathologies (Frecska, Bokor et al., 2016; Tafur, 2017). Aya-
huasqueros have concepts such as cleaning the energies of emotional
trauma, childhood trauma, in utero trauma and ancestral trauma; and
a process of healing involving spiritual cleansing, reconciliation, love
and acceptance (Tafur, 2017). Another aspect of Amazonian
ayahuasca healing practices is generating a sense of connection to
community, to nature and to 'spirit' (Tafur, 2017). Such practices in
the Amazon are believed to be applicable to some ailments which are
not served well by contemporary medicine including depression,
PTSD, idiopathic chronic cough, psychosomatic pain, psoriasis and
other inflammatory skin conditions, addiction, migraine headaches,
inflammatory bowel disease and anxiety (Frecska, Bokor et al., 2016;
Tafur, 2017).

According to Amazonian practices, plants possess consciousness
and there are numerous conscious beings that humans are unable to
(Gardiner, 2012;
Tafur, 2017). Many Amazonians claim that their extensive knowledge

detect in everyday waking consciousness
of the applications of many plants in the Amazon were taught to
them by the plants themselves rather than through a process of trial
and error, as would be expected in contemporary science as it is
generally understood in North America and Europe, and that the
numbers of plants and potential combinations of them are too great
for all their discoveries to have been made through trial and exper-
imentation (Narby, 1998; Tafur, 2017). According to Amazonian be-
liefs, ayahuasca enables the consumer to perceive domains of
existence and conscious entities which inhabit these alternate do-
mains and engage in communication with these consciousnesses
(Tafur, 2017). Additionally, many Amazonians believe that ayahuasca
enables people to converse with the dead in the ‘spirit world’ (dos
Santos, Sanches et al., 2018; Frecska, Hoppal et al, 2016;
Tafur, 2017). In some Amazonian cultures, practitioners sing songs
referred to as icaros which are believed to help guide healing expe-
riences by scanning pasajeros’ bodies for energetic blockages and
helping to clear harmful energies; additionally, these songs are at
least partly conducted by channelling tunes intuited through in-
teractions with perceived beings or energies (Tafur, 2017; Weiss
et al,, 2021).

In Peruvian vegetalismo Shipibo tradition, people take a purgative
brew and have a strict diet including dieting specific plants prior to
taking ayahuasca (Frecska, Bokor et al., 2016; Gonzalez et al., 2021;

Tafur, 2017). People often diet additional plants over an extended

period of time to be taught by the plants which are often incorpo-
rated into ayahuasca brews. Examples of at least 90 plants, referred
to as teacher, or master, plants, which are often used in conjunction
with ayahuasca in healing and self-development practices include
nihue rao, coca, pifion blanco, ajo sacha and bobinsana (Dominguez-
Clave et al,, 2016; Frecska, Bokor et al., 2016; Tafur, 2017). Although
some perceive ayahuasca as a means of administering orally active
DMT to enable a hallucinogenic experience, this contrasts with the
general Amazonian perspective which holds that such a view is
excessively reductionist (Tafur, 2017). Rather than administering a
single psychoactive drug, ayahuasqueros do not tend to think of
ayahuasca as a drug experience but use ayahuasca to ‘facilitate deep
healing through the master plants, allowing for the possibility of
dialogue with the realm of spirit’ (Tafur, 2017).

Many of the Amazonian beliefs highlighted in this section, such
as in what has been described as ‘the spirit world’, are based on
subjective experiences and are not supported by contemporary sci-
entific understanding. However, the scientific method cannot
generally be used to demonstrate the absence of the existence of
something. Therefore, many of these notions cannot be dismissed as
being false with absolute certainty as available technologies would be
incapable of providing additional empirical evidence that could be

used to corroborate or disprove the anecdotal reports.

7 | MECHANISM OF ACTION

7.1 | Biochemistry and neuropsychopharmacology

7.1.1 | N,N-dimethyltryptamine

Psychedelic states arise when the regulation of normal states of
consciousness correlating with events in the exterior world, as
detected by the senses, is decoupled in some way (Swanson, 2018).
As previously highlighted, DMT (Figure 3) can bind to many proteins
including sigma-1 receptors, trace amine-associated receptors,
serotonergic receptors (e.g. 5-HT2A, 5-HT1A and 5-HT2C), gluta-
minergic receptors and modulates the dopaminergic system (Brito-
da-Costa et al., 2020; Carbonaro & Gatch, 2016; Ray, 2010; Riba
et al.,, 2002). Understanding of the neurochemistry of DMT is limited
and it is not clear whether exogenously administered DMT binds to

any additional receptors beyond those that have been proposed to be
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FIGURE 3 Chemical structure of N,N-dimethyltryptamine
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relevant to endogenous DMT. Thus, due to the state of research in
the area it is difficult to differentiate the binding profiles of endog-
enous and exogenous DMT.

DMT interacts with a variety of ionotropic and metabotropic
receptors, the most well understood being serotonin receptors, in
particular 5HT2A (Alamia et al., 2020; Cozzi et al., 2009). Serotonin
receptors have a vast range of functions, and balancing between
endogenous and exogenous information involved in the construction
of conscious experience is heavily mediated by the interplay between
5-HT1A and 5-HT2A receptors (Carhart-Harris & Nutt, 2017;
Schartner & Timmermann, 2020). Pre-treatment with the 5-HT1A
antagonist pindolol can significantly increase the reported psycho-
logical response to DMT, indicating that 5-HT1A agonism may
downregulate the psychedelic effects (Strassman, 1996, 2001; Wal-
lach, 2009). Additionally, it is understood that DMT can exert anxi-
olytic effects via 5-HT1A receptor agonism (Frecska, Bokor
et al,, 2016; Wallach, 2009).

G protein-coupled 5-HT2A receptors are found in many brain
regions including the cortex, striatum, hippocampus and amygdala
(Brito-da-Costa et al., 2020; Vollenweider & Preller, 2020). Psyche-
delics are particularly known to be agonists of 5-HT2A receptors
expressed in deep-layer pyramidal neurons in the fronto-parieto-
occipito-temporal cortex (dos Santos et al., 2016b). 5-HT2A recep-
tor agonism by psychedelics, including DMT, is associated with an
increase in both the frequency and amplitude of spontaneous excit-
atory postsynaptic currents (Brito-da-Costa et al., 2020; Dominguez-
Clave et al.,, 2016). 5-HT2A receptor agonism by psychedelics has
also been found to be involved in gene expression and can up-
regulate transcription factors such as c-fos, egr-1, egr-2 and BDNF
which are involved in synaptic plasticity, memory and learning
(Dominguez-Clave et al., 2016). Furthermore, DMT has been found to
modulate functional plasticity in prefrontal cortical neurons with
increased dendritic spine density which may be mediated via 5-HT2A
receptor modulation (Brito-da-Costa et al., 2020). The 5-HT2A re-
ceptor has been associated with visual hallucinations in neurological
disorders, however, how hallucinations are generated by 5-HT2A
receptor agonism is not understood (Alamia et al., 2020). Although
administration of the 5-HT2A receptor antagonist ketanserin inhibits
many of the effects of DMT in humans, other compounds bind with
higher affinity to 5-HT2A receptors than DMT which do not induce
hallucinations. Therefore, 5-HT2A receptor agonism alone is not
sufficient to explain the entirety of DMT phenomenology
(Barker, 2018a; Brito-da-Costa et al., 2020; Carbonaro &
Gatch, 2016; Nichols, 2016; Valle et al., 2016; Vollenweider & Pre-
ller, 2020; Wallach, 2009). Finally, all classic psychedelics, including
DMT, which act upon 5-HT2A receptors are understood to cause
consumers to be sensitised to set and setting, however, the mecha-
nism of this sensitisation and its link with 5-HT2A receptor binding is
not clear (Carhart-Harris & Nutt, 2017; Hartogsohn, 2016; James
et al.,, 2020).

DMT triggers a complex cascade of receptor activations resulting
in the modulation of the overall glutamate concentration via agonism

of mGlu receptors 2 and 3 in certain brain areas, including the frontal

cortex, which may contribute to the observed physiological and
psychological psychedelic effects, but how such modulation induces
hallucinations is unknown (Barker, 2018a; Carbonaro & Gatch, 2016;
dos Santos et al., 2016a, 2016b; Gonzales-Maeso et al., 2007, 2008;
Marek, 2018; Nichols, 2004). A study with mGIuR2 knockout mice
suggested that mGIuR2 is necessary for psychedelic effects as
measured by head-twitch response, although such a measure of
psychedelic effects does have limitations (Canal & Morgan, 2012;
Carbonaro & Gatch, 2016; Moreno et al., 2011). The 5-HT2A re-
ceptor mediated hallucinogen-specific intracellular pathway may
require a complex of the 5-HT2A receptor with the mGlu2 receptor
(Frecska, Bokor et al., 2016; Gonzalez-Maeso et al., 2008; Moreno
et al., 2011). Agonism of 5HT2A receptors in the medial prefrontal
cortex increases pyramidal cell activity and has been proposed to
stimulate corticotegmental glutamatergic projection neurons via co-
localisation with 5-HT2A receptors to form heteroreceptor com-
plexes, and such heteroreceptors may induce a psychedelic-specific
second messenger cascade (Aghajanian & Marek, 1997; Carbo-
naro & Gatch, 2016; Delille et al., 2012; Gonzalez-Maeso et al., 2007,
2008).

As previously highlighted, DMT can modulate sigma-1 receptors,
however, the role of these receptors and the downstream effects of
DMT binding to these receptors are not well understood (Barker
et al, 2012; Fontanilla et al, 2009; Hayashi, 2019; Rossino
et al., 2021; Su et al,, 2009; Su & Hayashi, 2003). The sigma-1 re-
ceptor plays a role in neural plasticity through dendritic spine for-
mation which could be relevant for DMT's reported potential for
promoting neurogenesis and personality change (Dominguez-Clave
et al., 2016; Morales-Garcia et al.,, 2020). Certain antidepressants
have been found to modulate the sigma-1 receptor which could be a
factor in DMT and ayahuasca's reported antidepressant effects
(Dominguez-Clave et al., 2016). It has been observed that at higher
concentrations, DMT can inhibit voltage-gated sodium ion channels
via sigma-1 receptor agonism, but such a role in psychedelic effects is
unknown (Cozzi et al., 2009). The sigma-1 receptor has been asso-
ciated with the psychopathology of a number of disorders including
addiction and depression which, when considering some of the ap-
plications of psychedelics, could indicate a link between sigma-1 re-
ceptor modulation and the subjective effects of psychedelics
(Carbonaro & Gatch, 2016). However, the most widely understood
functions of the sigma-1 receptor relate to bioenergetic cellular
function and signal transduction, and the neuromechanistic rela-
tionship between sigma-1 receptor agonism and psychedelic effects
is unclear (Carbonaro & Gatch, 2016; Frecska, Bokor et al., 2016;
Hayashi, 2019; Su & Hayashi, 2003).

The affinity of DMT to TAA receptors has been associated with
anxiolytic effects (Brito-da-Costa et al., 2020). It has been proposed
that TAAR-6 could be relevant for psychedelic effects due to it being
present in high concentrations in limbic regions and the frontal cor-
tex (Wallach, 2009). However, after binding to TAARs it is not well
understood what happens besides the release of cAMP and this alone
cannot explain hallucinatory phenomena as administration of cAMP

would not elicit DMT-like effects and such phenomenology will be a
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result of downstream processes (Barker et al., 2012). Therefore,
more research is required to determine the significance of TAAR
modulation and psychedelic effects (Carbonaro & Gatch, 2016).

7.1.2 | Ayahuasca

Banisteriopsis caapi contains the alkaloids harmine, tetrahy-
droharmine (THH), harmaline, harmol and harmalol (Figure 4)
(Dominguez-Clave et al., 2016; McKenna et al., 1984). As the prep-
aration of ayahuasca is not standardised across the Amazonian re-
gion, varying concentrations and relative amounts of the different
known psychoactive compounds harmine, DMT, THH and harmaline
have been found in different brews which will inevitably lead to
different pharmacological profiles and subjective effects (Brito-da-
Costa et al., 2020).

There has been the perception by some scholars that ayahuasca
is principally DMT and that the -carboline harmala alkaloids just act
purely to inhibit the action of the enzymes which catalyse DMT's
degradation. However, monoamine oxidase inhibitors are an estab-
lished class of antidepressants which can increase serotonin and
noradrenaline (norepinephrine) levels and thus likely contribute to
ayahuasca's therapeutic profile (Barker, 2018a; Dominguez-Clave
et al., 2016; dos Santos et al., 2007, 2019). Additionally, THH is
also a serotonin reuptake inhibitor which is another well-established
form of antidepressant (Dominguez-Clave et al., 2016; dos Santos
et al., 2007). The harmala alkaloids have structural similarities with
serotonergic receptor agonists and have been found to bind to 5-HT
receptors with significant affinities (dos Santos et al., 2007; Grella
et al.,, 2003). Harmala alkaloids can also induce psychoactive effects
without the presence of DMT possibly via 5-HT2A receptor agonism
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FIGURE 4 Chemical structures of harmala alkaloids present in
ayahuasca

(Brito-da-Costa et al., 2020; Frecska, Bokor et al., 2016; Narby, 2021;
Tafur, 2017). Harmine has been suggested to inhibit dopamine
transporters leading to high levels of dopamine in the synaptic cleft;
additionally both harmine and harmaline have been found to induce
dopamine release and inhibit enzymatic degradation of dopamine
with likely effects on the amygdala and induction of dream-like
states, although dopamine has a wide range of functions and its
exact role in the subjective effects of ayahuasca is unclear (Figure 6)
(Brito-da-Costa et al., 2020; Solms, 2000). Harmine has been found
to up-regulate BDNF expression, including in the hippocampus, and
can increase proliferation of neural progenitor cells and therefore
likely plays a role in the neuroplasticity associated with ayahuasca
use (Dominguez-Clave et al., 2016; dos Santos et al., 2019b, 2016a;
Fortunato et al., 2009; Morales-Garcia et al., 2017). Little research
has been conducted on the pharmacological and therapeutic effects
of these compounds and they may contribute significantly to aya-
huasca's phenomenological and therapeutic profile.

Biochemically, consuming an ayahuasca brew is significantly
more complex than inhaling pure DMT vapour due to the many
chemical compounds present in the drink (Frecska, Bokor
et al., 2016). As with consuming herbal cannabis as opposed to pure
THC (James et al., 2021), the various compounds in ayahuasca will
induce a synergistic entourage effect in which the many different
chemical constituents combine to induce an effect which is distinct
from that which would be elicited by consuming the individual
compounds (such as DMT and harmaline) in isolation (dos Santos
et al., 2019b; Ona et al., 2020). Whilst DMT and the harmines have
been the subject of most of the chemical analyses, it has become
clear that in the case of cannabis, often overlooked compounds such
as terpenes have an impact on the subjective effects and therapeutic
applications. Likewise there may be numerous other compounds
present in ayahuasca whose presence and role are yet to be
determined.

Different species of toad produce the structurally different yet
related compound 5-methoxydimethyltryptamine (5-MeQO-DMT)
which has also been used deliberately to induce altered states of
consciousness which can include mystical-type experiences, awe and
sensations of pure awareness (Figure 5) (Barsuglia et al., 2018; Davis
et al,, 2018). 5-MeO-DMT has been found to be present in some
ayahuasca brews and therefore will occasionally be a contributory
molecule to ayahuasca's entourage effect (Davis et al., 2018; Riga
et al., 2014). As with other serotonergic psychedelics, 5-MeO-DMT

has been reported to be potentially beneficial in treating

FIGURE 5 Chemical structure of 5-MeO-DMT
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psychiatric illnesses including PTSD, depression, anxiety and sub-
stance use disorders (Davis et al., 2018, 2019), can bind to several
serotonin receptors including 5-HT1A and 5-HT2A and inhibit se-
rotonin reuptake (Davis et al., 2018).

Ayahuasca consumption increases blood cortisol and prolactin
levels which have many different biological functions including
modulation of the immune system (Bouso et al., 2012). Abnormally
low levels of cortisol, hypocortisolemia, has been observed in some
types of depression and up-regulation of cortisol expression upon
ayahuasca consumption may play a role in ayahuascas's function as
an antidepressant (Galvao et al., 2018). Ayahuasca consumption can
lead to increased levels of natural killer cells (Carbonaro &
Gatch, 2016; dos Santos & Strassman, 2011) and lymphocyte redis-
tribution (Bouso et al., 2012). Such observations suggest a possible
anti-inflammatory mechanism of action with potential roles in aiding
disorders of the PNEI system including specific types of depression
(Galvao-Coehlo et al., 2020).

Ayahuasca has been proposed to exert anti-addictive effects via
direct and indirect effects on serotonergic and dopaminergic neurons
in the mesolimbic pathway (Frecska, Bokor et al., 2016; Liester &
Prickett, 2012). Moreover, ayahuasca has been found to modulate
concentrations of the neurotransmitter y-aminobutyric acid (GABA),
with decreased GABA release in the hippocampus and increased
GABA release in the amygdala with implications for emotional,
2020).
Ayahuasca increases blood flow in frontal and paralimbic regions and

memory and learning processes (Brito-da-Costa et al.,

activates prefrontal and temporal regions of the brain, potentially

mediated by glutamate release (Bouso et al., 2012). Modulation of

both GABAergic and glutamatergic systems has been proposed to
affect BDNF expression with implications for neuroplasticity and
possible mechanistic relevance to remission of depressive and
2016). Additionally,
increased serum BDNF levels after ayahuasca administration have

addictive symptoms (Frecska, Bokor et al,

been associated with antidepressant effects (de Almeida et al., 2019).

The fast-acting antidepressant effects of ayahuasca have been
associated with increased blood perfusion in the left nucleus
accumbens, right insula and left subgenual area which are brain re-
gions that have been implicated in the regulation of mood and
emotions and the mechanism of action of some established antide-
pressants (dos Santos et al, 2019, 2016a; Sanches et al., 2016).
Ayahuasca has been found to increase bilateral activation of the
anterior insula frontal gyrus (involved in interoception and self-
awareness), the anterior cingulate cortex (ACC) (emotion processes)
and frontomedial cortex (self-awareness) in the right hemisphere,
and activate the amygdala (emotion processes) and parahippocampal
gyrus (involved in memory processes and emotion) in the left hemi-
sphere (dos Santos et al., 2019; McKenna & Riba, 2015; Riba
et al., 2006).

Long-term ayahuasca users show differences in cortical thickness
in midline brain structures, with decreased thickness in the posterior
cingulate cortex (PCC), a key node of the default mode network, and
an increase in the thickness of the precentral gyrus and the anterior
cingulate cortex using magnetic resonance imaging (MRI) versus
matched controls (Bouso et al., 2015; Brito-da-Costa et al., 2020;
Carbonaro & Gatch, 2016). Reduced cortical thickness of the PCC

has been associated with reported long-term personality modulation
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and higher scores of self-transcendence and spirituality and such
findings indicate a relevance for the PCC and self-referential thought
and cognitive function (Bouso et al., 2015). These changes in the
structure of the brain might be at least partly mediated by 5-HT2A
receptor agonism induced up-regulation of BDNF and transcription
factors involved in synaptic plasticity and memory (Bouso
et al, 2015); and activation of frontocortical glutamate networks
leading to enhanced expression of egr-1, egr-2, BDNF and glial cell
line-derived neurotrophic factor (GDNF) (dos Santos et al., 2016a).

As previously shown, ayahuasca can modulate functions of the
limbic system, including the amygdala and anterior cingulate cortex,
which is involved in many cognitive processes including emotion,
interoception and long-term memory (Riba et al., 2004, 2006).
Emotion-based problems such as depression, anxiety, PTSD, addic-
tion and many psychosomatic disorders are associated with limbic
system dysfunction, within the PNEI network, which can benefit from
the emotional healing capacities of ayahuasca plant medicine (dos
Santos et al., 2016; Tafur, 2017). The limbic system has been pro-
posed as being a potential hub of profound subjective emotional
experiences, such as mystical-type experiences, and modulation of
the limbic system in the sometimes intensely emotion-rich cathartic
ayahuasca sessions can affect the size and thickness of the areas
associated with impulse control, emotion, decision making and
memory, thus partially explaining ayahuasca's reported long-term
antidepressant and anti-addictive potentials (dos Santos
et al., 2016a; Saver & Rabin, 1997; Tafur, 2017).

Psychiatric disorders such as depression and trauma have been
found to be modulated and maintained by epigenetic mechanisms
(Smart et al., 2015; Sun et al., 2013). Epigenetic modifications can be
mediated via psychological and emotional events and therefore it has
been hypothesised that emotional experiences characterised by love,
compassion, forgiveness and gratitude elicited by ayahuasca can in-
fluence the expression and regulation of genes (Carey, 2012; Dias &
Ressler, 2014; Inserra, 2018; Kaliman et al., 2014; Tafur, 2017). Se-
rotonin receptor-dependent signalling has been linked with epige-
netic mechanisms involving psychiatric disorders such as
schizophrenia and depression, however, the specific mechanisms of
the compounds or the emotions involved in ayahuasca sessions
interacting with such functions are not clear (Holloway & Gonzalez-
Maeso, 2015; Inserra, 2018). Ayahuasquero concepts such as cleaning
the energies of emotional trauma, childhood trauma, in utero trauma,
and ancestral trauma can be linked to some extent through contem-
porary conventional medical understanding of epigenetic processes
including, but not limited to, cytosine methylation/hydrox-
ymethylation and modification of histone proteins such as acetylation
of lysine residues and serine phosphorylation (Carey, 2012; Dupont
et al., 2009; Sadakierska-Chudy & Filip, 2015; Tafur, 2017). Therefore,
there is, at least in principle, some contemporary scientific basis for
how ayahuasca can be used to resolve problems associated with
intergenerational stress, that is, how traumatic events in the lives of a
person's ancestors can be influencing them now and that such in-
fluences can be remedied through ayahuasca (Bird, 2007; Bowers &

Yehuda, 2016; Inserra, 2018; Tafur, 2017).

7.2 | Neural correlates of consciousness

The activity patterns constituting the neural correlates of con-
sciousness (NCC) correspond to the observable concomitants of
subjective experiences. As such, the neural correlates reflect the
macroscopic system behaviour of the brain while forming conscious
states. In the following, the system behaviour under the influence of
DMT and ayahuasca is first described on the basis of general findings
about the activity and connectivity features of the brain, before the
neurophysiological body of evidence in the individual frequency
bands is discussed in more detail. The neurophysiological findings
presented here are relevant to the following section which is devoted
to models for explaining the phenomenological features of psyche-
delic states.

The spatio-temporal dynamics and neural activity patterns
occurring in connection with DMT-induced altered states of con-
sciousness bear a high degree of resemblance to the patterns evoked
by visual stimulation (Alamia et al., 2020). In the same manner, strong
stimulations of vision-related brain regions brought about by
ayahuasca, particularly in the visual association cortex, are ‘compa-
rable to the effect of natural images with the eyes open’, resulting in
vivid visual experiences that are felt to be equivalent to sensory
perceptions and, hence, are assigned a status of reality (de Aradjo
et al,, 2012). A general insight is that psychedelics increase the global
brain connectivity across sensory areas, a phenomenon termed
hyper-connectivity (Preller et al., 2018; Tagliazucchi et al., 2016). In
this context, a high overlap is found between regions of increased
global connectivity and those that express 5-HT2A receptors
(Tagliazucchi et al., 2016), explaining that also the amygdala, which
abundantly expresses these receptors, belongs to those regions that
exhibit hyper-connectivity under consumption of psychedelic sub-
stances (Preller et al., 2018). Notably, however, the expansion of
global connectivity, being indicative of highly integrated brain states,
disrupts the integrity of individual functional modules (Tagliazucchi
et al., 2016). A consistent finding is that the functioning of the default
mode network (DMN), which is associated with self-referential
mental processes, is disabled by all classic psychedelics, meaning
that LSD, psilocybin as well as DMT and ayahuasca cause a significant
decrease in activity and functional connectivity across the core
structures of the DMN, giving rise to the de-synchronisation and
disintegration of this network (Carhart-Harris et al., 2014; Frecska,
Bokor et al., 2016; Muthukumaraswamy et al., 2013; Palhano-Fontes
et al., 2015; Tagliazucchi et al., 2016). Importantly, the induced
changes in connectivity are highly correlated with the reported
subjective effects, in particular vivid imagery, bliss, disembodiment,
and ego dissolution (Preller et al., 2018; Tagliazucchi et al., 2016).
Altogether, it can be summarised that psychedelics diminish the
functional connectivity within resting-state networks and heighten
the functional connectivity between nodes that under normal con-
ditions belong to distinct resting-state networks. In this way, psy-
chedelics increase the functional complexity of the brain by
decoupling the functional connectivity from ‘the underlying struc-

tural connectome’, resulting in interactions between brain regions
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that are ‘less constrained than usual by the presence or absence of an
underlying anatomical connection’ (Luppi et al., 2021).

These essential characteristics of psychedelic states suggest a
link to dreamlike states, especially as it has been pointed out that the
mechanisms of dreaming and the mechanisms of action underlying
psychedelics may share a common basis (Barr et al., 1972; Krae-
henmann, 2017; Kraehenmann et al,, 2017; Sanz et al., 2018; Vol-
lenweider & Preller, 2020). Thus, it is significant that all dreamlike
states feature complex imagery with rich emotional undertones and
entail activity in the visual association cortex and the medial temporal
regions, comprising in particular the amygdala and the hippocampus
(Carhart-Harris, 2007; Solms, 2000). Emanating from these temporal
core regions, dream imagery takes place with the participation ‘of the
same structures that generate complex visual imagery in waking
perception’ (Solms, 2000). It is also typical that, due to the disabled
DMN, dreams are accompanied by reduced self-awareness and self-
reflection, so that ‘the dream sequence is not within the dreamer's
voluntary control’ (Zhao et al., 2018). Moreover, insights from deep
brain stimulations suggest that the amygdala in interaction with other
network nodes, such as the hippocampus, the temporal cortex, and
the visual association cortex, plays an important role in the formation
of vivid mental imagery and integrated sensory experiences. Inter-
estingly, some of the evoked experiences are associated with auto-
biographical content, some with subconscious feelings of déja vu,
while a significant portion of the experienced states is distinguished
by novelty, which are frequently encountered hallmarks of dreamlike
states (Lai et al., 2020). On the one hand, these findings give rise to the
conjecture that the role of dreaming consists in ‘off-line memory
reprocessing’ and ‘memory consolidation’, with the amygdala and the
hippocampus being crucially involved in the reactivation of emotional
episodic memory (Zhao et al., 2018). On the other hand, the amygdala
is hypothesised to function as the ‘final integration center of dream
phenomena’, implying that this center channels ‘creative novel fea-
tures’ into the dream experience and ‘determines the emotional load
of dreams’ by enriching the experienced states with a broad spectrum
of emotional nuances (Lai et al., 2020).

Turning to the neurophysiological body of evidence, the subjec-
tive experiences evoked by DMT are tightly correlated with increased
oscillatory activity in the delta and theta bands (Alamia et al., 2020;
Pallavicini et al., 2021; Timmermann et al., 2019), with the phase
synchronisation of delta oscillations extending over cortical and hip-
pocampal areas (Kometer et al., 2013). In addition to these features,
elevated power and global synchrony are observed in the gamma
band, where complex imagery is correlated with central gamma po-
wer, experiences of unity and disembodiment are correlated with
occipital gamma power, the perceived transcendence of space and
time is accompanied by occipital and frontal gamma power, and ND-
type experiences are associated with enhanced occipital, frontal, and
temporal gamma power (Pallavicini et al., 2021; Tagliazucchi
et al.,, 2021). Moreover, there is a cross-frequency coupling between
the delta/theta oscillations and the gamma oscillations. While theta-
phase-gamma-amplitude coupling is characteristic of the waking

state, the release of dopamine, which is triggered in sleep phases and

initiated by DMT and ayahuasca, strengthens the phase-amplitude
relationship between delta and gamma oscillations and induces a
shift to delta-phase-gamma-amplitude coupling in regions of the
hippocampus and frontal cortex (Andino-Pavlovsky et al., 2017).

Thus, also at the neurophysiological level, the close relationship
between psychedelic and dreamlike states becomes apparent,
resulting in the conclusion that the neural correlates of such states
can be best described in terms of synchronised patterns of delta/
theta and gamma activity in medial temporal regions, comprising the
amygdala and the hippocampus, and cortical areas, particularly the
visual association cortex, with the onset of conscious experiences
requiring the propagation of activity from the medial temporal re-
gions to the cortical regions (Figure 7) (Carhart-Harris, 2007; Riba
et al., 2002). This fits in with the interpretation of activity in the delta
and theta frequency bands during sleep as a signature for the replay
of memory traces (Kim et al., 2019; Langille, 2019). More specifically,
given the known involvement of the amygdala and the hippocampus
in emotional memory encoding and retrieval, the dream-related
occurrence of theta and gamma oscillations in both structures im-
plies that coupled theta-gamma activity reflects the reactivation of
emotional memories (Scarpelli et al., 2019). With regard to psyche-
delic and NDE-type states, this suggests that sequences of
emotionally charged experiences induced by DMT and ayahuasca
(those with autobiographical content as well as those with novel
features) are correlated with coherent activity patterns in the delta/
theta and gamma frequency bands involving the amygdala, the hip-
pocampus, and experience-specific areas of the cortex.

To complete the picture, suppression of alpha waves has been
identified as the most robust effect brought about by serotonergic
psychedelics, as evidenced by a marked decrease in oscillatory alpha
power and alpha-band coherence across the entire brain (Alamia
et al., 2020; Pallavicini et al., 2021; Riba et al., 2004; Schenberg
et al, 2015; Timmermann et al., 2019; Valle et al., 2016). The sig-
nificant reduction in alpha power reaches its maximum within the key
structures of the DMN, that is, the network that displays the most
pronounced decline of alpha activity strongly overlaps with the DMN,
causing a disruption of its integrity (Kometer et al., 2013; Pasquini
et al., 2020), which is highly correlated with ego dissolution (Nour &
Carhart-Harris, 2017; Tagliazucchi et al., 2016).

7.3 | Models of consciousness used to explain N,N-
dimethyltryptamine and ayahuasca phenomenology

“Behind the scientific community's unified facade are
deep intellectual divergences, which are all the more
important given that they are rarely expressed.” -
Jean-Marc Levy-Leblond (Ricard & Xuan Thuan, 2001).

In the academic and popular literature there are essentially two
main approaches to interpreting the unusual reported subjective
effects of DMT and ayahuasca such as entity encounters and

perceiving alternate realities:
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phenomenology of psychedelic states

1. The subjectively experienced events solely occur in the minds of
the participants and are the product of biological processes in the
brain: This model appears to be supported by the majority of
contemporary researchers.

2. The subjective effects are based on the interaction with existing
phenomena and can be attributed to the participants' conscious-
ness becoming more receptive or attuned to alternate domains of
existence which are not readily accessible during everyday waking
consciousness. This approach includes the possibility that the per-
son's brain, with its given neurophysiological constraints, acts as a
form of filter that distorts or post-processes the information
received through the interaction: This ‘field of consciousness’

approach has been proposed by researchers who advocate that con-

sciousness is embedded in the cosmic blueprint (Frecska, Hoppal, &

Luna, 2016; Grof, 2006; Keppler & Shani, 2020; Laszlo, 1995, 2007).

In the subsequent subsections we provide an overview of these
two general approaches, followed by a critical assessment of the
models. In order to fully explain the ‘field of consciousness’ approach
and allow it to be given an accurate presentation and assessment, a
representative of this school of thought, Joachim Keppler, was invited
to co-author the article. This section of the review is unusual with
regard to the intended explanatory depth as very few contemporary
publications on the topic address the nature of consciousness itself
and discuss the foundational mechanism of the genesis of the phe-

nomenology of DMT and ayahuasca.

7.3.1 | Consciousness as an internal biological
process model

The model that relies on an intimate link between consciousness and

biological processes has a long tradition in the scientific community

(Place, 1956; Smart, 1959). In the more recent past, several subtypes
of this interpretative approach have evolved, according to which
consciousness is assumed to be associated with synchronously firing
coalitions of neurons (Crick & Koch, 1990, 2003), with a dynamic core
forming a transiently stable functional cluster of neurons (Tononi &
Edelman, 1998), with recurrent processing (Lamme, 2006), with a
dynamic process that can be quantified using measures of complexity
(Seth et al., 2006), with a particular biological level of organisation
that is realised in the brain (Revonsuo, 2006), or with the operational
architectonics of brain organisation (Fingelkurts et al., 2013), to list
some prominent representatives. Although this list is not exhaustive,
it may be summarised that most neuroscientific approaches can ul-
timately be divided into two main camps. The first camp posits that
consciousness is the final outcome of complex neural interactions, as
reflected in the view that phenomenal states emerge from specific
neural activity patterns, while the proponents of the second camp
argue that phenomenal states are identical with specific neural activity
patterns. Both schools of thought are founded on the conviction that
the activity patterns constituting the NCC are not just observable
concomitants of subjective experience in highly complex animals but,
rather, the ultimate foundation of consciousness
Shani, 2020).

In order to explain the hallucinations that the substances can

(Keppler &

elicit, it has been suggested that the mechanism of the frequent oc-
currences of entity encounters could be biological and DMT may
modulate a region or regions of the brain involved in the perception
of entities such as particular fundamental, or low-level, areas of the
brain associated with the representation of humanoid beings; and/or
psychological in which cortical regions associated with one's life ex-
periences are stimulated (Rodriguez, 2007). Sleep paralysis has been
associated with the perception of the presence of autonomous en-
tities and has been used to explain other reported, not drug-induced,

entity encounters (Clancy, 2005). Likewise, in dreams people perceive



16 of 35 WI LEY

JAMES ET AL

the existence of seemingly free-thinking autonomous beings, typi-
cally humans, which generally appear to be real during dreaming,
however, upon waking the individuals encountered in most dreams
are believed to have not existed anywhere other than through
fabrication of the mind. In schizophrenia and other forms of psy-
chosis, patients often report the perception of seemingly real
autonomous beings who communicate with them (de Vries
et al., 2013). Proposed ‘innate modules’ of the brain with an evolu-
tionary psychological basis including hyperactive agency detection,
coupled with a hypothesised role for mirror neurons? have also been
speculated as underlying psychedelic phenomenology including en-
tity encounters (Barrett, 2000; Ernandes, 2013; Gardner, 2000;
Pyysidinen, 2009; Winkelman, 2017, 2018). Based on these exam-
ples, proponents of biological process models of consciousness argue
that the human brain is capable of producing subjectively convincing
experiences of free-thinking beings and other delusions that can be
used to explain unusual phenomenology associated with DMT and
ayahuasca (Brankovi¢, 2019; Peters et al., 2004; Winkelman, 2017,
2018).

7.3.2 | Ubiquitous field of consciousness model

“There is obviously only one alternative, namely the

unification of minds or consciousnesses.”

“For consciousness is absolutely fundamental. It
cannot be accounted for in terms of anything else.”

- Erwin Schrédinger (Schrodinger, 1931, 1958)

As an antipole to the conventional biological process models, a
new avenue to the scientific understanding of consciousness has
been explored (Keppler, 2012, 2013, 2016, 2018, 2020, 2021;
Keppler & Shani, 2020; Shani & Keppler, 2018). It accepts con-
sciousness as ontologically fundamental, that is, an irreducible
feature of ultimate reality, and is predicated on the hypothesis that
the whole range of phenomenal nuances is inherent in the frequency
spectrum of a ubiquitous background field. Following this line of
thought, it is postulated that the brain employs a universal mecha-
nism through which it taps into the phenomenal colour palette pre-
determined by the omnipresent field, thereby acquiring phenomenal
qualities (Keppler, 2013, 2016, 2018; Keppler & Shani, 2020).

The rationale of the presented approach derives from stochastic
electrodynamics (SED), a branch of physics that provides an in-depth
understanding of quantum phenomena (de la Pefia & Cetto, 1994,
1995, 1996, 2001, 2006; de la Pena et al., 2009, 2015), thus unveiling
a deeper level of reality behind the formalism of quantum theory.

*Mirror neurons: Brain cells that have the property of being activated when a person
performs a particular motor movement, as well as when a person observes another person
engaging in the same movement (Rizzolatti & Sinigaglia, 2016; Winkelman, 2017).

SED is based on the notion that the universe is permeated by a
ubiquitous electromagnetic background field, termed zero-point field
(ZPF), which in its ground state represents a maximally disordered
ocean of activity with completely uncorrelated field modes. In sum-
mary, the crucial insight from SED is that the properties of quantum
systems originate from the resonant interaction between the system
components and the ZPF, with each system responding to a specific
set of relevant field modes selectively filtered from the full frequency
spectrum of the ZPF (de la Pefia et al., 2015). In the event that the
resonant system-ZPF interaction leads to the formation of a tran-
siently stable attractor state, a partial organisation of the local field is
established in such a way that the relevant ZPF modes for which the
system exhibits a strong resonant behaviour become highly corre-
lated (de la Pefa & Cetto, 2006; de la Pefa et al., 2009). On the part
of the material system, the dynamic interplay with the ZPF leads to
long-range coherence (de la Pefa & Cetto, 2001). Viewed in this light,
quantum systems acquire their properties by dynamically interacting
with the ZPF and modulating its internal structure, with each
coherent system state being accompanied by a partially ordered ZPF
state, hereafter referred to as ZPF information state. Moreover, the
finding that long-term memory is decisive for explaining the behav-
iour of quantum systems (de la Pefia-Auerbach & Cetto, 1977) sug-
gests the persistence of such ZPF information states.

As discussed in previous works, its unique properties make the
ZPF a contender for the ubiquitous field of consciousness, just as the
interaction and modulation mechanism underlying quantum systems
qualifies as the universal mechanism that governs conscious systems
(Keppler, 2012, 2016; Keppler & Shani, 2020). Accordingly, the un-
disturbed ZPF may be looked upon as an unstructured ocean of
consciousness in which all conceivable shades of phenomenal
awareness lie dormant in undifferentiated form. This gives rise to the
conjecture that each ZPF information state is associated with a specific
conscious state, resulting in the hypothesis that the recurring forma-
tion of transiently stable coherent states is an essential prerequisite
for conscious systems (Keppler, 2013, 2016, 2018, 2020),
which is well in accordance with empirical findings (Desmedt &
Tomberg, 1994; Doesburg et al., 2009; Engel & Singer, 2001; Gaillard
et al., 2009; Melloni et al., 2007; Rodriguez et al., 1999; Singer, 2015).
In particular, the studies of Freeman and collaborators revealed that
the neural correlates of waking consciousness can be equated with
large-scale patterns of coherent gamma-band activity locked to the
theta rhythm and that the rigorous explanation of these macroscopic
activity patterns (attractors) requires the framework of quantum
physics (Freeman, 2004, 2005, 2007, 2009; Freeman & Vitiello, 2006,
2007). From the vantage point of the SED-based model, each of these
periodically occurring attractors is accompanied by an attractor-
specific ZPF information state, implying that ultimately our streams
of consciousness, and consequently all consciously perceived mem-
ory traces, are represented by sequences of ZPF information states
(Keppler, 2018, 2020).

Building on this conceptual basis, the phenomenology of DMT
and ayahuasca states will subsequently be discussed. To this end, we

are following up on previous findings, according to which sequences
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of experiences induced by DMT and ayahuasca are associated with
coherent activity patterns exhibiting delta/theta-phase-gamma-
amplitude coupling involving the amygdala, the hippocampus and
experience-specific areas of the cortex (Alamia et al., 2020; Andino-
Pavlovsky et al., 2017; Kometer et al., 2013; Pallavicini et al., 2021;
Timmermann et al., 2019). As will become apparent, these findings
are compatible with the SED-based interpretation of the NCC given
above.

A consistent feature that characterises psychedelic states is the
presence of a complex imagery manifesting itself in vivid geometric
patterns shining with an intrinsic brightness, often accompanied by
the perceptual phenomenon of synesthesia which arises when the
activation of one sensory pathway leads to experiences in a second
sensory pathway. Such phenomena can be attributed to the insight
that psychedelics enhance the global brain connectivity across sen-
sory areas (hyper-connectivity), resulting in increased excitability and
cross-activation of adjacent regions of the cortical map (Hubbard
et al,, 2011; Luke, 2020).

Conscious states elicited by DMT and ayahuasca have dreamlike
qualities with rich emotional undertones, part of the experiences
being dominated by encounters with one's own deep-seated issues,
while on the other hand novel experiences surface arising from one's
previous experiences (Frecska, Bokor et al., 2016). As pointed out in
the section on the neural correlates, hypotheses have been formu-
lated according to which the specific activity patterns during
dreamlike states are viewed as signatures indicating the reactivation
of emotional memories (Kim et al., 2019; Langille, 2019; Scarpelli
et al, 2019; Zhao et al., 2018), with the amygdala playing a central
role as the ‘final integration center of dream phenomena’ (Lai
et al., 2020). In the SED-based model, these activity patterns can be
interpreted such that the amygdala, in concert with other brain areas,
functions as a receiving unit or read head capable of accessing pre-
viously generated memory traces, represented by sequences of ZPF
information states. The hypothesised operating principle of the
receiving unit rests on the notion that a ZPF information state in-
duces a resonant ZPF-neurotransmitter interaction that triggers the
activation of receptors (Keppler, 2020, 2021). In this process, those
nuclei and subareas of the amygdala are activated whose specific
neurotransmitter and receptor profiles have the highest vibrational
correspondence to the set of phase-locked ZPF modes that defines
the ZPF information state. In this bottom-up process, the retrieved
information is channelled to hippocampal and cortical regions,
resulting in large-scale coherent oscillations and the formation of a
multimodal conscious state (see Figure 8) (Alonso et al., 2015). The
physiological findings and user reports suggest that these postulated
mechanisms underlying dreamlike states are amplified by DMT and
ayahuasca intake (Blake et al., 2019; Brito-da-Costa et al., 2020;
Frecska, Bokor et al., 2016; Kraehenmann, 2017; Kraehenmann
et al, 2017; Sanz et al., 2018; Solms, 2000; Strassman, 2001;
Tafur, 2017; Vollenweider & Preller, 2020). It should be emphasised
that these mechanisms are quite different from the mechanisms
governing the retrieval of memory traces in the waking state.
initiated retrieval processes during

Intentionally memory

wakefulness rely on the alpha cycle involving the DMN (Knyazev
et al., 2015; Sestieri et al., 2011; Sutterer et al., 2019). In dreamlike
states, however, the DMN s largely deactivated, which leads to
significantly reduced self-reflection and voluntary control (Pasquini
et al,, 2020). Instead, following the explanatory approach building on
SED, the amygdala assumes the prominent role in extracting
emotionally charged conscious states from the ZPF, which are pro-
jected directly to the sensory areas of the cortex, bypassing self-
reflection.

In addition, under the influence of DMT and ayahuasca, profound
spiritual (also referred to as peak, unitive, mystical, mystical-type and,
as is highlighted in this article, henosis®) experiences can emerge,
hallmarked by an altered perception of space and time, disassociation
from the body, ego dissolution, a sense of entering into pure
awareness and unity with the cosmos (Griffiths et al, 2019;
James, 1902; James et al., 2020; Pallavicini et al., 2021; Stace, 1960;
Strassman, 2001). In the light of the zero-point field hypothesis, this
suggests that DMT and ayahuasca modify the receiving characteris-
tics of the brain, allowing the receiving unit to resonate with a larger
set of ZPF modes and to tap into a wider spectrum of the phenom-
enal colour palette furnished by the ZPF (Figure 9). In other words, a
major effect of psychedelics consists in opening the ZPF filter, which
under normal conditions is restricted to a narrow window of ZPF
modes (Keppler, 2018), implying that henosis reflects an awareness
of the unrestricted ground state of the zero-point field from which all
physical matter and perspectival conscious selves are selectively
restricted into existence (Keppler, 2012, 2018, 2020). Such a general
description is consistent with interpretations in eastern contempla-
tive traditions of such experiences which suggest a unified source of
matter and consciousness and that consciousness pervades the uni-
verse (Carter, 2002; Dubashia, 2018; Lama, 2005; Ricard & Xuan
Thuan, 2001).

Among the most remarkable phenomena triggered by DMT and
ayahuasca are perceived encounters with sentient entities (Davis,
Clifton et al., 2020). DMT and ayahuasca users sometimes report that
they have the feeling of having entered or perceived parallel domains
of existence (Cott & Rock, 2008; Luke et al., 2018; Strassman, 2001).
Some of the ‘invisible worlds’ described are inhabited by alien beings
capable of direct interaction and communication (Cott & Rock, 2008;
Davis, Clifton et al., 2020; Frecska, Bokor et al., 2016; Luke, 2011,
2020; Luke et al., 2018; Michael et al., 2021; Strassman, 2001;
Strassman et al., 2008). One explanatory framework for such phe-
nomena lies in the proposition that these beings, whose identity re-
mains speculative, exist (Frecska, Hoppal et al., 2016; Luke, 2011,
2020; Luke et al., 2018). The SED-based explanatory model lends

*The word henosis (adjective: henotic), derived from the Ancient Greek word évwalg, refers
to unitive mystical-type union with fundamental reality and matches well the definition of
subjective mystical experiences. Many words used in biology are derived from Latin and
Greek and the use of such a word would be consistent with scientific terminology. Words
such as ‘spiritual’ and ‘mystical’ are perhaps too open to interpretation with the concept of
mystical experiences having been found to be an objection towards legislated psilocybin use
(James et al.,, 2019; Jylkka, 2021; Sanders & Zijlmans, 2021). Consequently the use of an
alternate word may be preferable. Henosis is less likely to be misinterpreted than the word
‘peak’ due to the latter's potential to be confabulated with intensity of drug action.
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FIGURE 8 Proposed general mechanism underlying the extraction of conscious states from the zero-point field (ZPF) in N,N-
dimethyltryptamine, ayahuasca and dream states. The mechanism is based on the conception that the ZPF is the substrate of consciousness
and that a particular conscious state is represented by a particular ZPF information state (i.e., by a set of correlated field modes). A ZPF
information state induces a resonant interaction with neurotransmitter molecules (e.g. glutamate as shown here) that triggers the activation of
receptors, driving the emergence of neuronal avalanches and the formation of a large-scale coherent activity pattern. This large-scale activity
pattern represents the information extracted from the ZPF. In this bottom-up process, the amygdala is assumed to play the role of a central
receiving unit and integration center, involving those subareas whose neurotransmitter-receptor profile has the highest correspondence to the
ZPF information state. Note that this is a simplified model that is intended only to illustrate the basic principles of the process
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FIGURE 9 Overview of the main phenomenological facets of psychedelic states and their mapping onto the proposed mechanisms of
action based on the zero-point field hypothesis

support to this proposition by relying on the notion that all sentient that the ZPF, while respecting all the laws of physics, may be har-
entities continually generate ZPF information states preserved in the nessed as a direct communication channel between conscious beings,

field (Keppler, 2018, 2020). From this perspective, it is conceivable provided that the beings are equipped with a suitable, highly
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sensitive receiving unit which allows them to read the information
states of other entities. These conditions may be fulfilled under the
influence of DMT and ayahuasca, as these substances increase the
excitability of neural networks and thus affect the hypothesised read
mechanism such that the user gains access to information encoded in
the ZPF that is inaccessible in the normal operating mode of the brain
(dos Santos et al., 2016b). Additionally, according to the SED-backed
approach, the ZPF functions as a cosmic repository of memory traces
left by conscious entities (Keppler, 2018, 2020), which offers a
possible basis of an explanation for occasional DMT and ayahuasca-
induced phenomenological experiences of the sensed presence and
perceived interaction with deceased beings (Frecska, Bokor
et al., 2016; Frecska, Hoppal et al., 2016; Tafur, 2017).

7.3.3 | Critical analysis of different models of
consciousness used to explain N,N-dimethyltryptamine
and ayahuasca phenomenology

“The existing scientific concepts cover always only a
very limited part of reality, and the other part that has
not yet been understood is infinite.” - Werner
Heisenberg (1958)

In the previous sections, two primary models used to explain the
phenomenology of DMT and ayahuasca by contemporary researchers
were presented. In this section we aim to critically assess the
strengths and weaknesses of the models used to explain the sub-
jective effects of the substances, taking into account the evidence
that has been reviewed and the lucidity of the explanations of the
models. The assessment of the models is based on criteria that are
commonly used by philosophers of science to evaluate theories
(Baker, 2016; Cartwright, 2004; Craver, 2002; Hempel, 1965;
Salmon, 1984; Schulz, 2012; Schupbach & Sprenger, 2011; Ylikoski &
Kuorikoski, 2010).

The first cluster of criteria examines the extent to which a model
provides insight into the nature of consciousness. This can be judged, on
the one hand, by whether the model is able to establish clarity about
the psychophysical nexus, that is, the precise character of the
connection between particular conscious states and particular neural
activity patterns. Put another way, this aspect reflects the capability
of a model to achieve a seamless integration of phenomenal qualities
into the scientific worldview. On the other hand, the criterion looks
at the explanatory power of a model. In this context, it is considered
whether the model, regarding the formation of conscious states, of-
fers convincing and logically interconnected cause-effect relation-
ships, being indicative of the capability of a model to unveil the
mechanism by which conscious states are produced or realised.

As previously discussed, the conventional model relies on an
intimate link between consciousness and biological processes and is
founded on the conviction that the activity patterns constituting the

NCC are not just observable concomitants of subjective experience

in highly complex animals but, rather, the ultimate foundation of
consciousness. The proponents of this model can ultimately be
divided into two main camps. While the first camp posits that con-
sciousness is the final outcome of complex neural interactions, as
reflected in the view that phenomenal states emerge from specific
neural activity patterns, the second camp argues that phenomenal
states are identical with neural activity patterns
(Seager, 1999).

It has long been pointed out that each of the two views is

specific

afflicted with an explanatory gap, due to the existence of general
arguments against the phenomenal properties of a system being
necessitated by purely structural or organisational principles, no
matter what type of structure or organisation is involved (Chalm-
ers, 1995, 1996; Levine, 1983; Shani & Keppler, 2018). This is re-
flected in the fact that the proponents of the emergence hypothesis
have failed to specify an intelligible generation mechanism that ex-
plains the genesis of phenomenal qualities from purely physical (or
chemical, or biological) properties. Therefore, it remains mysterious
in which way a material system, however complexly it may be
organised, could give rise to consciousness starting from insentience
and what it is about neural activity patterns that ‘suddenly switches
consciousness on’ (Velmans, 2007). The situation is no better for
identity theorists who are faced with the challenge of presenting a
conclusive and convincing model that explains ‘why a certain level of
functional description, or the functioning of a system described at this
level, is appropriately identified with consciousness’ (Seager, 1999). In
summary, all models that regard biological processes as the source of
consciousness run into the same core problem, namely the problem
that regardless of the indisputable connection between conscious-
ness and the brain, and notwithstanding the relevant neuroscientific
evidence, the precise nature of this connection remains an open
question (Keppler & Shani, 2020). This observation, which is known
as the hard problem of consciousness, has led Tenzin Gyatso, also
referred to as the Dalai Lama, the head of an organisation of which
the direct study of consciousness is a prominent field of investigation,
to conclude that ‘despite tremendous success in observing close
correlations between parts of the brain and mental states, | do not
think current neuroscience has any real explanation of consciousness
itself’ (Lama, 2005), just as other researchers acknowledge contem-
porary science's inability to explain how consciousness can arise from
what is generally believed to be insentient matter (Carter, 2002;
Yaden et al., 2021).

While conventional biological process models cannot offer
convincing explanations for consciousness, the approach based on
the zero-point field hypothesis arguably circumvents the hard prob-
lem of consciousness and leads to more consistent interpretations of
the NCC. This is achieved because in the latter model the organisa-
tional principles essential to conscious processes are not accountable
for the generation of conscious awareness per se but, rather, for the
modulation and selective restriction of a cosmic field of conscious-
ness that is identified with the radiative background of quantum field
theory (Laszlo, 1995; Shani & Keppler, 2018). The modulation

mechanism underlying the formation of phenomenal states is
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identical with the fundamental mechanism underlying quantum sys-
tems, resulting in the notion (see Figure 8) that a coherently oscil-
lating neural cell assembly acquires its phenomenal properties by
tapping into the universal pool of phenomenal nuances pre-
determined by the ZPF (Keppler & Shani, 2020), which is substanti-
ated by a multitude of empirical findings that point to the significance
of large-scale coherent activity patterns for the emergence of
conscious states (Doesburg et al., 2009; Engel & Fries, 2016; Melloni
et al., 2007; Rodriguez et al., 1999). On this basis, the ZPF-based
model accomplishes to convey a clearer picture of the nature of
consciousness, to the effect that experientiality is built into the fabric
of the cosmos and that the universe is imbued with an inherently
sentient medium, the extrinsic manifestation of which is physical and
the intrinsic which s
(Keppler, 2021).

The second cluster of criteria addresses the ontological simplicity

appearance of phenomenological

of a theory. The purpose of this cluster is to evaluate whether a
model meets the principle of parsimony, which manifests itself in
postulating one fundamental, species-independent causal mecha-
nism. This principle is closely related to the universality of the
postulated mechanism and includes an assessment to what degree a
model is integrated into existing theories, that is, connected to a
larger theoretical framework.

In terms of perceived simplicity, the biological process model,
which views all conscious states as the final outcome of neural in-
teractions, offers the supposedly most attractive explanation for the
majority of researchers. Such an explanation does not require the
acknowledgement that there may be more to reality and conscious-
ness than has been measured to date. In this respect, it is often
pointed out that consciousness research is well integrated into the
overall framework of cognitive neuroscience (Crick & Koch, 1990,
2003; Lamme, 2006; Revonsuo, 2006; Seth et al., 2006; Tononi &
Edelman, 1998). However, as already discussed, it is often overlooked
that this framework has not yet brought forth any plausible and
testable mechanism that could account for the phenomenal proper-
ties of conscious states. Moreover, the focus on known neural or
biological mechanisms ignores the possibility that in the expanses of
the cosmos conscious life forms could have developed that are in-
dependent of the structural underpinnings of conscious organisms on
Earth, which is an argument against the universality of neuroscientific
theories of consciousness, given that the ultimate ambition of a
satisfying theory must be that its laws are ‘universal, unrestricted and
exceptionless’ (Craver, 2002).

In contrast to conventional biological process models, the ZPF-
based approach is built on the premise that conscious systems
must be equipped with a fundamental modulation mechanism by
means of which they are able to influence the internal structure of a
ubiquitous field of consciousness. In conjunction with knowledge of
the dynamical properties of the field, this premise can be used to
derive distinctive features of the modulation mechanism that are in
accord with empirical evidence (Keppler, 2013, 2018, 2020). The
appeal of this approach lies in its adherence to the principle of

parsimony, which is reflected in the idea that quantum systems

acquire both their physical properties and their phenomenal qualities
employing one and the same mechanism. A pivotal feature of this
mechanism is its universality, in the sense that it is available
throughout the universe and provides access to the ubiquitous sub-
strate of consciousness. Due to its universality, the mechanism leads
to a clear demarcation line between conscious and unconscious
processes in such a way that the formation of transiently stable
coherent states is an essential prerequisite for conscious awareness,
which is supported by neuroscientific findings (Keppler, 2016, 2021).
The last group of criteria is specifically focused on the
phenomenological peculiarities of DMT and ayahuasca-induced
states, especially since the explanation of psychedelic states pre-
sents special challenges to models of consciousness. The task here is
to assess how well a model deals with the subjective reports given by
the drugs' users and whether a model is capable of explaining the
different phenomenological aspects that are reported by the users.
By interpreting hallucinations simply as the result of an inter-
action of the drug molecules with the participant's biological pro-
cesses (Winkelman, 2018), the conventional model offers what is at
first sight thought to be the most straightforward explanation.
However, taking the vast stock of first-person reports into account, it
becomes clear that the model does not really explain any details of
the experiences induced by DMT and ayahuasca (Strassman, 2001;
Tafur, 2017). Most notably, there is one aspect related to dreamlike
states in general and to psychedelic states in particular that poses an
enormous hurdle to conventional explanations. While in conscious
perception the stream of consciousness is triggered by the sensory
organs and their interactions with the external world, the complex
imagery induced by DMT, which unfolds when the user's eyes are
closed, has the status of real perceptions, without stimuli being fed in
from the environment. This raises the question of where the story-
board for these conscious experiences originates from, especially
since the altered states of consciousness do not manifest themselves
as disconnected flashes of awareness but predominantly as coherent
sequences of events that appear highly realistic (Strassman, 2001). It
is precisely this coherence which is difficult to reconcile with the idea
that nothing but the presence of DMT molecules in the brain initiates
the orchestration of neural processes, culminating in the choreog-
raphy of long sequences of activity patterns and the generation of
streams of consciousness. Furthermore, arguments based on mirror
neurons and hyperactive agency detection would be applicable to
hallucinations which have some form of resemblance to real-world
events, however, many of the hallucinations elicited by DMT and
ayahuasca have no resemblance to events which could realistically
take place during the lives of either modern or prehistoric humanity
(Davis, Clifton et al., 2020; Michael et al., 2021; Strassman, 2001;
Tafur, 2017; Winkelman, 2017, 2018). As a consequence, in their
current state, biological process models are not capable of providing
a plausible explanation for the entirety of empirical findings.
Further drawbacks of the conventional approach to explaining
DMT experiences include, on the one hand, the fact that the majority
of individuals who report meeting beings and witnessing alternate

realities, many of whom are university-educated high functioning
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members of society, believe that they exist and are not the product of
biological processes in their brain (Davis, Clifton et al., 2020; Griffiths
et al,, 2019; Michael et al,, 2021), which is in contrast to most dream
states. On the other hand, there is the consistency, or intersubjective
verifiability, of reports by people having the same or similar experi-
ences (Luke et al., 2018). Such allegedly independently verified re-
ports include different people reporting meeting the same beings,
shared visions/hallucinations and the attainment of verifiable
knowledge which is unlikely to be previously present in the sub-
conscious (Strassman, 2001; Strassman et al., 2008; Tafur, 2017).
Accordingly, there is little explanation for how two people could have
a shared vision or hallucination, or for past events in someone else's
life to be correctly deduced as there is no physical basis for their
minds to be linked or share any kind of connection. In biological
process models, such phenomena would typically be explained by
coincidence, intuition, confabulation and the fact that such stories are
unverifiable anecdotes.

As demonstrated in the previous section, the ZPF-based model is
able to provide arguably more plausible explanations for some of the
core aspects of psychedelic states. According to this model, a major
effect of psychedelics is posited to consist in modifying the receiving
characteristics of the brain and opening the ZPF filter, which allows
the receiving unit to resonate with a larger set of ZPF modes and is
seen as the underlying cause of profound henosis or mystical-type
DMT and

ayahuasca increase the excitability of neural networks (dos Santos

experiences (Keppler, 2018). Furthermore, since
et al., 2016b), it is assumed that the hypothesised read mechanism is
significantly affected (Keppler, 2018, 2020), causing the user to gain
access to ZPF information states that have been generated by other
conscious entities, thus offering a possible explanation for the sensed
presence and perceived interaction with sentient beings. Apart from
these very general lines of thought, however, many details remain to
be clarified. Representative of the numerous open issues is, for
example, the question as to why a person senses only certain entities
and how specific entities are selected for interaction.

As far as the comparison of the models is concerned, it can be
summarised that the field of consciousness approach, whilst spec-
ulative, has greater potential than biological process models in
explaining the experience accounts given by the drugs' users. This
can be attributed to the ZPF-based model proposing a universal
mechanism for the formation of all types of conscious states, which
provides a rudimentary explanation for the reported features of
psychedelic states, while in biological process models there is no
conceptual basis for how the reported experiences are generated
and from where they would derive. Accordingly, regarding the un-
derstanding of psychedelic states, the field of consciousness model
more closely meets the requirements formulated by other re-
searchers, namely that ‘any complete theory will likely also require
a deep consideration of the ontological and philosophical perspec-
tives regarding the hard problem of consciousness and not just
neurocognitive viewpoints’ (Luke, 2020). In particular, the model
proposed by Keppler and Shani (2020) could be looked upon as a

refinement of a more general explanatory approach, as proposed by

researchers including Ede Frecska and Ervin Laszlo, that refers to
the zero-point field (also known as the Akashic field) as a cosmic
matrix, views sentient beings as specific information-bearing struc-
tures in this matrix, and considers the induction of psychedelic
states as the result of an integrative information-gaining process
(Grof, 2006; Luke et al, 2018; Strassman et al, 2008). At the
present time, however, all such models are at a preliminary and
very elementary stage of development (Frecska, Hoppal et al., 2016;
Keppler, 2021; Laszlo, 2007; Luke et al, 2018; Strassman
et al., 2008). This leads to the conclusion that there is considerable
work to be done and that, from an empirical point of view, none of
the existing models is sufficiently supported by experimental evi-
dence (Swanson, 2018).

7.3.4 | Future research avenues

From the discussion of the explanatory approaches it has become
clear that there is a wide range of different perspectives within the
research community. In order to achieve greater consensus and
certainty among the researchers, projects are needed that strictly
follow the scientific process of knowledge acquisition and are guided
by the principles of repeatability and reproducibility. In particular,
the focus of future research efforts must be on elucidating the
mechanisms underlying conscious states, which will enable falsifica-
tion of some of the circulating theories of consciousness and narrow
down the search space for a fundamental theory of consciousness.
The systematic study of psychedelic states can make a significant
contribution to this endeavour.

From the viewpoint of field theories of consciousness, the
research agenda can be divided into physical, neurochemical,
neurophysiological and phenomenological avenues of collecting evi-
dence. While at the basic physical level the crucial point is to
demonstrate the modulation of the ZPF during conscious states, the
initiatives at the neurochemical and neurophysiological level are
primarily concerned with the exploration of the neurotransmitter-
ZPF interface and the derivation of theoretical predictions about
the dynamical characteristics of the NCC that, provided they are
empirically confirmed, lend further support to the notion of the ZPF
being instrumental in the formation of the activity patterns consti-
tuting the NCC (Keppler, 2021).

These research directions, which concentrate on the objectively
observable aspects of conscious states, should be complemented by
systematic studies of first-person accounts. In principle, there are a
lot of anecdotes which could be used to support the field of con-
sciousness approach, such as ayahuasca visions apparently eliciting
verifiable information including the location of missing objects or
people, and external events that have taken place, that are taking
place or are yet to take place (Frecska, Hoppal et al., 2016; Luke
et al., 2018; Strassman et al., 2008; Tafur, 2017). However, there is
currently a lack of rigorous well-controlled studies with statistically
significant results, which is why this approach cannot be accepted as

correct without further investigation.
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In classical eastern experiential studies of consciousness, in-
vestigators adhere to the following scientific methodology
(Lama, 2005): ‘All meditatively valid subjective experiences must be
verifiable both through repetition by the same practitioner and
through other individuals being able to attain the same state by the
same practice. If they are thus verified, such states may be taken to
be universal, at any rate for human beings.’ Possible future studies
could involve experienced meditators knowledgeable in taking such
an approach, based on first-hand experience, to the study of DMT
and ayahuasca states. Such studies could, in theory, yield statistically
significant results using validated questionnaires with empirical
findings subjected to statistical analyses as is typical in contemporary
psychological research methods (Winkelmann, 2018).

Experienced meditators who can reportedly elicit spontaneous
near death-type experiences and henosis (mystical experiences)
could, hypothetically, investigate how DMT and ayahuasca occa-
sioned henosis and near death-type experiences compare (Van
Gordon et al., 2018). Recent research has demonstrated the neural
correlates of henosis and near death-type experiences, and demon-
strating being able to induce these states in non-drug conditions as
detected via brain imaging could aid in participant recruitment (Pal-
lavicini et al., 2021). Such studies would also be applicable to people
who report having had conventional near-death and spontaneous
henosis experiences.

Blinded cross-cultural studies in DMT and ayahuasca naive par-
ticipants could be conducted to investigate the alleged intersubjec-
tive verifiability of wunusual phenomenology such as entity
encounters. Additionally, target-controlled intravenous infusions of
DMT could be conducted for a prolonged immersive DMT psyche-
delic experience in experimental settings, and such experimental
conditions could aid studies to further elucidate the mechanisms (e.g.,
using brain imaging techniques) and assess the alleged intersubjec-
tive verifiability using psychological research methods (Gallimore &
Strassman, 2016; Luke et al., 2018).

8 | INTEGRATION WITH CONTEMPORARY
MEDICINE
8.1 | N,N-dimethyltryptamine
The consumption of psychoactive quantities of DMT has been found
to be both psychologically and physically risky for certain susceptible
individuals with the risk of dangerously elevated heart rate and blood
pressure, and possible cardiac arrest (Bilhimer et al., 2018; Strass-
man, 2001; Strassman & Qualls, 1994). Furthermore, some of the
subjective effects can be traumatising in certain cases (Strass-
man, 2001). Therefore, when consumed in non-controlled settings
without adequate preparation, support and integration, DMT could
potentially present risks to the user (Strassman, 2001).

It has been proposed that DMT could be used to treat disorders
modulated by DMT sigma-1 receptor agonism such as inflammation,

ischemia and cancer (Szabo et al., 2021); however, DMT's potential

endogenous roles in these processes are not well understood and
neither is the potential role for exogenously administered DMT in
treating these conditions (Barker, 2018a; Nardai et al., 2020; Nemes
et al.,, 2019; Szabo & Frecska, 2016). DMT could be applicable to the
treatment of neurodegenerative disorders (e.g., Parkinson's disease
and Alzheimer's) due to DMT's anti-inflammatory and neurogenesis
promoting properties but such applications are speculative (Brito-da-
Costa et al, 2020; dos Santos et al, 2019b; Frecska, Bokor
et al, 2016; Nardai et al., 2020; Penke et al., 2017). Other non-
psychedelic uses include microdosing DMT which may have antide-
pressant and creative performance-enhancing potentials, however,
most reports are anecdotal and such research is preliminary and
further research is required (Cameron et al, 2019; Kuypers
et al,, 2019).

The ‘ontological shock’ caused by DMT has been hypothesised as
leading to increased psychological flexibility, which has in turn been
demonstrated to be associated with positive alterations in mental
wellbeing (Davis, Barrett and Griffiths, 2020; Davis, Clifton
et al.,, 2020). Thus, the radical shift in perception of the functioning of
the cosmos as induced by DMT could possibly be utilised in psychi-
atric treatments. Unitive mystical-type experiences or henosis
appear to be less predictably inducible on DMT than in psilocybin
sessions, therefore psilocybin is presumably a more reliable catalyst
for these kinds of psychotherapeutic processes (James et al., 2020;
Strassman, 2001). Nonetheless, in Strassman's studies, in spite of
using DMT, some participants had personally meaningful healing
experiences despite being in an un-aesthetically pleasing clinical
setting which suggests possible applications for hospitalised patients
(Strassman, 2001).

8.1.1 |
care

Near-death experience model in palliative

“I think the high dose is like death trauma. It knocks
you out of your body. | could have tolerated death or
some major physical leaping-out-of-this-plane type of
experience under DMT. This would be a good drug for
people in a hospice program or the terminally ill to
have some acquaintance with.” (Strassman, 2001).

During the process of dying, surges in the coherence and con-
nectivity within the brain have been detected (Borijigin et al., 2013).
Such observations have been used to suggest a correlation rela-
tionship between such brain activity and near-death experiences. It is
well reported in the scientific literature that many people who have
been determined to be clinically dead or otherwise on the cusp of
death report out of body experiences, a sense of harmony and se-
quences of events which can include entering a white light
(Long, 2014; Martial et al.,, 2017; Parnia et al., 2001; Potts, 2002;
Schwaninger et al., 2002). Whilst it is not within the scope of the

article to discuss in detail the mechanisms of such events, there is
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consensus among the scientific community that many people do
report such experiences after having been in a transitory near-death
state (Britton & Bootzin, 2004; Greyson, 2003; Thonnard
et al., 2013). Additionally, whilst not the focus of this article, it is
worth highlighting that some established researchers in the physical,
biomedical and psychological sciences support some form of non-
entirely illusory model of the experiences, including such research
being published in the medical journal The Lancet (Alexander, 2012;
Long, 2014; Moody, 1988; Tucker, 2009; van Gordon et al., 2018; van
Lommel et al., 2001); which are likewise offset by other researchers
in the same fields who disagree with any possibility of such reports
having any non-illusory nature (Bardi, 2002; Borjigin et al., 2013;
Bryant, 2018; Saver & Rabin, 1997). As such, there are some simi-
larities between the state of discourse on explaining DMT phenom-
enology and that of near-death experiences.

Anecdotal reports and studies have suggested that DMT can act
as a model for near-death experiences (Strassman, 2001; Timmerman
et al, 2018). Endogenous release of DMT during dying has been
proposed as being a cause of the phenomenology of near-death ex-
periences (Dean et al., 2019; Strassman, 2001), although many other
potential neurochemical contributory factors have been highlighted
(Greyson, 2003; Martial et al., 2019; Nichols, 2017). As a result, it has
been proposed that administered DMT could be useful in palliative
care for patients who wish to become more familiar with the sub-
jective experience of the process of dying and alleviate death anxiety
(Martial et al., 2019; Strassman, 2001). However, it is not clear how
to prepare someone to have a classic near death-type experience
instead of personal or invisible world entity encounter experiences as
it is reportedly not facile for consumers of DMT to influence the
subjective effects (Strassman, 2001). Rick Strassman attempted to
advise people how to ‘navigate the DMT realm’ but many participants
had experiences which were simply bizarre and had no similarity to
classic mystical or near-death experiences (Strassman, 2001). Thus,
such a role for DMT in palliative care would require well supported
and controlled studies, as has been the case for psilocybin, to
determine whether DMT could be used in such a novel psychiatric
treatment (James et al., 2020; Yaden et al., 2020).

8.2 | Ayahuasca

For most people, consuming ayahuasca is physiologically low-risk
with milder reported cardiovascular effects than intravenous DMT
(Bilhimer et al, 2018; Dominguez-Clave et al, 2016). However,
generally accepted contraindications for ayahuasca use include car-
diovascular problems such as coronary artery disease (as ayahuasca
consumption can trigger a heart attack or stroke), endocrine prob-
lems, abnormal lipid metabolism, glaucoma, fever and pregnancy
(Degan, 2016; Frecska, Bokor et al, 2016; Strassman, 2001;
Tafur, 2017). As with other psychedelics, ayahuasca can cause anxi-
ety but this can typically be mitigated with adequate verbal support
and preparation (Dominguez-Clave et al., 2016). In rare cases, long-

lasting psychotic symptoms have been associated with ayahuasca

use and, in a case report, a patient suffering from schizophrenia was
arrested and hospitalised due to a negative reaction to ayahuasca
and dangerous behaviour, which adds weight to the general
perception that such patients are at higher risk of adverse effects to
psychedelics in general (Bilhimer et al., 2018; Carhart-Harris, 2013;
Dominguez-Clave et al., 2016; dos Santos & Strassman, 2011; James
et al., 2020). Furthermore, in other case reports, an individual with no
personal or family history of psychosis experienced psychosis elicited
by ayahuasca which may have been exacerbated or catalysed by
regular and concomitant cannabis use - although the influence, if any,
of cannabis is unknown (dos Santos & Strassman, 2011); and an in-
dividual with bipolar disorder taking part in an ayahuasca ceremony
resulted in a manic episode (Szmulewicz et al., 2015). In addition,
there is a risk of drug-drug interactions between the MAOIs in
ayahuasca and serotonergic medications resulting in serotonin
toxicity (Bilhimer et al., 2018; Brito-da-Costa et al., 2020;
Dominguez-Clave et al., 2016). Thus, these examples demonstrate
the need for screening and sufficient preparation prior to ayahuasca
sessions as some people with underlying health conditions including a
personal or family history of psychosis are at greater risk (dos Santos
et al, 2017; Frecska, Bokor et al., 2016). However, regular use in
healthy individuals has not been associated with deterioration of
mental health or cognitive function and incidences of psychosis in
ayahuasca users are reported to occur in less than 0.1% of consumers
(Bouso et al., 2012; dos Santos et al., 2016a).

After consuming ayahuasca in traditional Amazonian healing
practices, post-ayahuasca integration sessions and long-term
behavioural change are needed to facilitate maintained healing and
wellbeing (Frecska, Bokor et al., 2016; Tafur, 2017). However, as
ayahuasca is currently illegal in most developed countries, many
people need to travel to the Amazonian region to experience
ayahuasca with integration and behavioural change needing to take
place in their usual country of residence. Currently, although the
number of professionally trained psychedelic therapists is growing,
professional psychiatric assistance for the integration is effectively
non-existent in most countries as there are very few therapists
trained in managing ayahuasca experiences. As the number of people
seeking ayahuasca ceremonies has seen a steady increase, the need
for an availability of professional post-ayahuasca services is
becoming more pressing (Frecska, Bokor et al., 2016). Therefore,
post-Amazon integration sessions with trained psychiatric specialists
would likely need to be incorporated into any long-term global
ayahuasca treatment program.

As with other psychedelics, set and setting are major factors in
ayahuasca experiences and must be well controlled for in clinical
applications (Barbosa et al, 2005; Hartogsohn, 2016). Ayahuasca
therapies would require adequate screening, preparation, monitoring
during the experience and integration sessions (Brito-da-Costa
et al,, 2020; dos Santos et al., 2017). Monitoring during the session is
important to ensure safety as well as efficacy as greater likelihood of
long-term psychological harm from ayahuasca use is reported when
used in unsupervised settings (Brito-da-Costa et al., 2020; dos Santos

et al., 2017). Whilst set and setting is important in ayahuasca therapy,
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ayahuasca-based treatments have been shown to be possible in
jungle, urban and clinical environments which suggests applicability
to locations and cultures outside the Amazon with adequate prepa-
ration, supervision and follow up (Fabregas et al., 2010; Palhano-
Fontes et al, 2019). Ayahuasca is usually used in groups and the
supportive community environment likely plays an important role in
the overall efficacy of ayahuasca medicine (dos Santos et al., 2021;
Frecska, Bokor et al., 2016). Such supportive communal environ-
ments are understood to often be helpful in overcoming addiction
(Frecska, Bokor et al., 2016). Consequently, if ayahuasca is to be
introduced into conventional medical practices, the community and
interpersonal aspects of ayahuasca retreats should likely be incor-
porated into the therapy in many treatments.

Although recent studies suggest a potential role for ayahuasca in
the treatment of psychiatric disorders such as depression, such
studies are preliminary and larger well-controlled, randomised, blin-
ded studies need to be conducted as the evidence so far is mainly
anecdotal, observational and based on small preclinical studies (dos
Santos et al.,, 2019; Orsolini et al., 2020; Rodrigues et al., 2021; Yaden
and Griffiths, 2021). Ayahuasca could possibly be used to treat very
care cases of individuals with a disorder called aphantasia who
perceive no visual imagery associated with cognitive processes such
as memory, dreaming and imagination although no clinical studies
have been conducted for this application (dos Santos et al., 2018).

Ayahuasca sessions could be complemented with meditation and
mindfulness interventions to improve therapeutic clinical outcomes
by helping to reduce anxiety and avoidant responding during the
experience and help to maintain and cultivate the psychotherapeutic
benefits after the experience (Barrett & Griffiths, 2018; Fox
et al., 2016; Payne et al., 2021; Williams & Penman, 2011). Ayahuasca
could additionally be used prophylactically and in positive psychology
interventions in healthy individuals due to the many reported benefits
of ayahuasca use including reduced ratings of hopelessness, improved
neurocognitive function and an association with positive personality
attributes (Brito-de-Costa et al., 2020; Gonzalez et al., 2021; James
et al,, 2020; Kocarova et al., 2021; Netzband et al., 2020).

Whilst there are many reports of successful therapeutic experi-
ences by people who journey to the Amazon to take part in
ayahuasca healing ceremonies, there is no form of regulatory over-
sight by the established medical field. There have been reports of
traumatised individuals, such as victims of rape, being sexually
abused by ayahuasqueros in the Amazonian region (Maybin &
Casserly, 2020). Currently, people who wish to travel to the Amazon
to be healed must conduct their own research into the treatment
centers or certain practitioners are recommended by referral from a
friend or online forum. This system is suboptimal and can lead to poor
therapeutic outcomes and, in extreme cases, extortion and abuse
(Gonzalez et al., 2021). Therefore, greater integration between the
established medical healthcare profession and reputable practi-
tioners in the Amazon will ultimately be required to provide an
acceptable level of safety and efficacy.

For practical purposes, for patients to experience authentic

Amazonian healing practices, it might be preferable to have a health

service-approved list of healing centers that doctors can recommend.
However, it would be difficult to generate an official list that
governmental national health services might approve of. Therefore, it
may be more practical for such referrals to be conducted via private
healthcare organisations. It would be challenging to develop a series
of criteria that Amazonian ayahuasca centers could adhere to and
prove that they meet without adding unnecessary pressure and bu-
reaucracy. However, due to the potential for abuse and poor thera-
peutic outcomes, if Amazonian healing is to be integrated with
modern healthcare systems then safety and efficacy criteria would
have to be met and some kind of regulatory oversight would need to
be established. If patients are travelling from countries such as the
UK to Latin America, organisations such as Santo Daime or Unido do
Vegetal would introduce religious ideas and doctrines which will likely
cause problems with patients, and it is therefore probably inadvisable
to recommend these organisations as places to undergo therapy. Due
to the interpersonal psycho-spiritual nature of ayahuasca, and psy-
chedelics' potential induce psychological alterations in perceptions of
reality which can often include changes from ‘materialist’ to more
‘panpsychist’ perspectives, great care needs to be taken to maintain
professional boundaries and for practitioners to not introduce
unverified beliefs to the patients (Johnson, 2020; Timmermann
et al,, 2021).

Potentially, in the long-term, if ayahuasca is to be integrated fully
into international medical systems, practitioners to be based outside
the Amazon should be trained medical doctors, psychiatrists or
psychologists who could specialise and receive complementary
training in the Amazon. Medical doctors and psychiatrists could train
in the Amazonian region with groups such as the Shipibo-Conibo, the
Tukano, the Kamsa, and the Huitoto who have been asserted as being
Amazonian equivalents of institutions such as Oxford, Cambridge and
Harvard (Narby, 1998). Proficiency in Spanish and/or Portuguese,
and a willingness to learn indigenous languages, will likely be a pre-
requisite for medical practitioners undergoing training in the Amazon
to specialise in ayahuasca medicine. Regarding ayahuasca use outside
the Amazon, as some of the components of ayahuasca can degrade
during storage, transportation of the materials from the Amazon to
other countries will likely lead to problems regarding quality.
Growing the plants in the country where the session is to take place
and the plant materials being fresh is likely to be important in
ensuring quality (de Oliveira Silveira et al., 2020). However, freeze-
dried ayahuasca can be safely administered with the desired effects
(dos Santos et al., 2020). Ultimately, integration of Amazonian med-
ical practices to countries such as the UK is inherently challenging

but worthwhile and interesting.

9 | CONCLUSIONS

DMT and ayahuasca, could form the basis for a number of new
therapies to treat disorders which are not always served by
contemporary western medicine such as certain psychiatric and

psychoneuroendocrine pathologies. However, the evidence base for
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such treatments in many cases is at this stage anecdotal and further
investment in research would be required in order to develop
treatments which can be made available to the general public by the
conventional Food and Drug Administration and European Medicines
Agency approval routes. A change of Schedule from Schedule 1,
acknowledging potential medical applications of DMT is justifiable at
this point and such a change in Schedule would facilitate further
medical studies (dos Santos et al., 2021). As is the case with cannabis
(James et al., 2021) and psilocybin (James et al., 2020), the invest-
ment route is challenging due to the compounds being natural
products and the lack of financial incentive for private companies to
conduct such research as a result of this (dos Santos et al., 2021).
Patenting of ayahuasca as it is consumed in the Amazon, whilst being
legally difficult, would also be highly ethically questionable and
represent a form of 'biopiracy' that should not be pursued by the
pharmaceutical industry (Frecska, Bokor et al., 2016). However, such
a legal stance highlights the financial challenges associated with
integrating ayahuasca with western-style medicine. As an alternative
to conventional approval as a medicine, ayahuasca could receive legal
approval on religious grounds via a religious exemption, as has
happened in the US for mescaline-containing cacti in certain religious
organisations, but such a system would inevitably bring with it
numerous uncertainties including safety and efficacy concerns when
applied to people diagnosed with a medical disorder. Therefore,
approval and assimilation within legal medical frameworks remains
the optimal solution for the treatment of medical conditions.

As stated in the introduction, we have attempted to be critical
yet open-minded in our discussion of DMT and ayahuasca. However,
from review of the available literature it appears that the mecha-
nisms underlying the subjective effects of DMT and ayahuasca
remain largely unanswered by contemporary science. The role and
relative significance of endogenous DMT in the functioning of
humans and other organisms is not understood and consequently
how exogenously administered DMT differs in its mechanism of ac-
tion is likewise not clear. Regarding the phenomenology, the standard
biological models of consciousness, which posit that conscious states
emerge from or are identical with specific neural activity patterns,
were found to be lacking in their explanatory power. The field of
consciousness models discussed in this article provide arguably more
plausible explanations for many of the core aspects of DMT and
ayahuasca states and, hence, may be more convincing to those who
adhere to commonly accepted evaluation criteria for theories; how-
ever, whilst conceptually intriguing and comparatively coherent, such
models have not been verified in well-designed and controlled
studies as neuroscientific studies have thus far only yielded superfi-
cial observations regarding receptor binding and alterations in brain
function. The phenomenology of DMT and ayahuasca experience
leads to questions on the nature of consciousness, consensus mate-
rial reality and mechanisms in medicine (Strassman, 2001;
Tafur, 2017; Timmermann et al., 2021). Until a general consensus is

reached among the scientific community, backed by a solid base of

empirical model tests, the fundamental nature of the mechanisms of
action of DMT and ayahuasca will remain unexplained.
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