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Michael Winkelman, PhD (University of California-Irvine) retired
lrom the School ol Human Evolution and Social Change at Arizona
State University in 2009. He was president of the Anthropology
of Consciousness section of the American Anthropological
Association, and was the lounding president ol its Anthropology
of Religion Section. Winkelman has engaged in cross-cultural
and interdisciplinary research on shamanism and altered states
of consciousness, locusing principally on the universal patterns
of shamanism and identifying the associated biological bases. His
principal publications on shamanism include Sliamans, Priests,
and Witches (1992), which provides a cross-cultural examination
of the nature of shamanism, and Slmmanisrn: A Biopsychosocial
Paradigm of Consciousness and Healing (originally 2000, 2nd edition
Z010). Shamanism provides a biological model ol shamanism that
explains the evolutionary origins ol spiritual healing in ancient ritual
capacities. This biogenetic structuralist approach is expanded in an
assessment of the evolutionary origins ol religion in his coauthored
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Supernatural as Natural (with john Baker, 2008). These approaches
provide a framework for understanding the necessary role of
psychedelics in human evolution and their continued application
in healing (also see Psychedelic Medicine [Z007], co-edited with

Tom Roberts). Winkelmans work has shown that shamanism and
psychedelics have a deep intersection in human evolution; these
capacities for altering consciousness continue to be an important

part of human experience and well-being today, as evidenced
in the multidisciplinary Altering Consciousness (2011), which he
coedited with Etzel Cardena. Winkelman is currently living near

Pirenopolis, in the central highlands of Brazil, where he is engaged
in developing permaculture-based intentional communities. He can
be contacted at michaeljwinkelman@gmail.com or through Skype:

michaeljwinkelman. His website is www.michaelwinkelman.com.

Introduction
The worldwide association of plant drugs that profoundly alter
consciousness with religious and spiritual activities (see de Rios
1984, Schultes and Hoffman 1979, Ratsch 2005) points to intrinsic
relationships among the innate properties of our neurotransmission
systems, altered consciousness, and in some cases, our addictive
potentials. But unlike the addictive properties of opiates, the
substances used in spiritual traditions worldwide have a different
dynamic. Instead, these exogenous sources of neurotransmitter
substances are thought to be the origin of many cultures’ most
important deities and the origins of their spiritual and consciousnesstransforming practices. Explaining the roles of the external sources
of altered consciousness at the core of many spiritual traditions must
address the relationships of the variety of agents and activities that
provoke them to the brain systems that are activated.

The differences between drug and non-drug alterations of
consciousness are generally presumed to be so obvious that their
common substrate is not considered. But the phenomenological

similarities of drug and natural mystical experiences was illustrated
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in the double-blind study by Griffiths et al (2006) that showed
psilocybin produced the characteristic features found in naturally
induced mystical experiences. These similarities remind us of the
common substrate in the brain and neurotransmitters that underlie
all experiences of altered consciousness, irrespective of their origins
or interpretations.
The relationships among natural and drug-induced alterations of
consciousness must be understood from an evolutionary perspective.
This reveals altered consciousness to be related to endogenous
mechanisms, which are triggered by both ancient evolutionary
adaptations and more recently acquired propensities to use exogenous
sources of substances to alter consciousness. Reconceptualizing plant
“toxins” as “rewards” in terms of effects on behavior, emotions, and
cognition reframes this human attraction as involving adaptations.
These adaptations involved an enhanced ability to utilize exogenous
sources of important endogenous neurotransmitter substances,
as well as more sensitive neurotransmitter receptor systems, for
using these chemicals that have such profound effects on human
consciousness.

Dopamine and Altered Consciousness
A central feature of the neural transmitter systems involved in
altered consciousness is the dopamine system, which is stimulated
by an enormous variety of chemicals (Previc 2009). Evolutionary
approaches to use of drugs focus on the reward and reinforcement
effects they have on the dopamine system; virtually all classes of
drugs (including alcohol, nicotine, stimulants, and THC) have
effects on dopamine transmission in the limbic system, as well as on
serotonergic transmission (Smith and Tasnadi 2007; Mandell 1980).
The effects of endogenous opioids on dopaminergic transmission
involve similar dynamics for “not only opiates, but also alcohol,
nicotine, cocaine, amphetamines, and A-9 tetrahydrocannabinol"
(Smith and Tasnadi 2003, p. 21). Although they act through a

variety of intermediary systems (serotonin, encephalins, GABA),
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acute exposure to the major categories of drugs of abuse results in
increases in dopaminergic activity, speci cally in the hippocampus
and nucleus accumbens (Smith 1999).
The effects on dopamine receptors are typically characterized as

unconditioned pleasurable responses that reinforce behaviors that
favor successful adaptation, such as food and sex. In addition to
the naturally pleasurable effects, opioids reduce pain avoidance

and sexual behavior, and increase eating (Smith and Tasnadi 2007).
The mesolimbic dopamine system and its rewarding properties and
mediation of pleasures from natural rewards (food, sex) decline
when the dopaminergic system is suppressed or impaired (Barbano
and Cader 2007). Salamone and Correa (2002) re ned this view in
proposing that it is the dopamine system that attributes incentive

qualities to a reward, potentiating the organisms associated
responses. Humans’ addictive potential reflects the ability of the
same reward systems used to reinforce fitness—-enhancing behaviors

such as eating and sex to be stimulated by other signals that elicit
intrinsic feelings of well-being. They can also produce the powerful
experiences that epitomize the importance of altered consciousness

in a cultures spiritual traditions found worldwide.
While dopamine is associated with sex and other pleasurable
states, it does not appear to have a central role in emotional arousal
in general, or social warmth and empathy, which instead depend
on serotonin, norepinephrine (NE), opioids, and oxytocin (Previc
2009). In contrast, high levels of dopamine lead to emotional
detachment. Endogenous opioid is a general term referring to a
class of natural substances in the body that include endorphins,

encephalins, dynorphins, and other opiate-like substances (Smith
and Tasnadi 2003) that interact with the dopamine system. These
substances, particularly Bi‘-endorphin, are functionally identical
(analogues) to the opiates found in plants, which have the capacity
to interact with the same neurotransmitter sites in our brains. The
endorphins are also adaptations for reducing pain and stress and
enhancing learning and memory. The uniquely human activities of
long-distance running produce enhanced release of endorphins,

Lop no1tr.l rratcrt tl

Al-TERiEl'J f.lUNSCl£'JL.|S;\’li5-5 ANIJ l)RLl(i$ IN l'lUlvlAl\3 l§\»'l.'}l.U'l'lUN

extending the capacities of such extreme physical activity that was
adaptive in flight from predators, with the pain-numbing effects
facilitating the ability to continue to flee rather than succumb to pain,
muscle cramps, shortness of breath, etc. (Jones 2005). These effects

go beyond the endorphins, forming part of the general sympathetic
response.
The human dopamine system must be contextualized in broad

evolutionary terms as part of our mammalian heritage, with
similar effects across mammalian species in social bonding, from
mother-infant bonds to broader social groups. The endogenous
opioids that stimulate our reward and learning systems also have
core functions in the mammalian brain and its emotional, social,
and self systems, especially breastfeeding and bonding. Sullivan,

Hagen, and Hammerstein (2008) suggest that the central role of
these substances in the mesolimbic dopamine system indicates that
we should also understand the broader functions of the opioids in

regulation of attention, the integration of sensorimotor behavior,
and modi cation of behavioral programs. Previc (2009) reviews
evidence that dopamine is also vital for all of the key functions of
advanced intelligence and cognition, including: programming and
executing motor planning; working memory and capacity for parallel
processing; spatial and temporal abstraction; cognitive flexibilityl
mental set shifting; temporal sequence processing; and creativityl
generativity.

Previc notes that all of these higher cognitive functions are
concerned with processing of information in distal space and tirne.
Dopamine functions are linked to the brains ability to deal

with objects and events distant in space and time. Not only
are dopaminergic circuits active during exploration of novelty
and reward learning, they result in prolonged effort for delayed

grati cation and pursuit of goal-directed responses. Dopamine
appears central to understanding causal and temporal relationships.
The abilities for context-independent cognition are exempli ed in
the capacities for “off-line thinking“ and “mental time travel,“ the
ability to experience and think about things other than those in the
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here and now. “In essence, ventromedial dopaminergic activation
results in the ‘triumph’ of extrapersonal brain activity over the body

systems that anchor our self-concept and our body orientation as
well as a triumph over the more ‘rational’ executive intelligence

maintained in the lateral dopaminergic systems" (Previc 2009: 53).
The ability for extrapersonal responses or cognition is exempli ed
in the capacities for “mental time travel." Winkelman (2010) reviews

research regarding these abilities for extrapersonal projection and
illustrates how these extrapersonal functions of dopamine are key
to understanding central aspects of the shamanic soul flight or outof-body experience, which exempli es the ability to have a contextindependent consciousness of people and places far removed from
the physical body.

“The predominance of dopamine in association with cortical areas,
in which higher order sensory processing or cross-modal sensory
interactions occur indicates that dopamine is especially well-suited

to making connections among stimuli and events and organizing
them into mental plans. This is bene cial in stimulating creativity
and in ‘off-line‘ thinking and strategizing, important components of
abstract reasoning" (Previc 2009: 30). Dopamines central role in the
integrative functions of the prefrontal cortex is extended throughout
the brain as the nervous system allows the pre-frontal cortex PFC to
connect to other cortical regions. The major dopaminergic systems
originate in the midbrain area, within the mesolimbic system and

its numerous connections to other limbic structures and the frontal
cortex. This system is the most important motivational system. These
midbrain and brainstem areas contain cell bodies, which produce

the neurotransmitters and extend to all of the regions of the cortex.

Human Evolution and Drug Use
The dominant evolutionary approaches to explaining the human
propensity for addiction characterizes these desires for consciousness-

altering substances and succumbing to their addictive effects as the
consequence of a mismatch or discordance between our acquired
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tendencies and the current environment (e.g., Berridge 1996, Nesse
and Berridge 1997; see Lende 2008). According to this view, druginduced feelings that are linked to adaptive behaviors are the result
of our recent exposure to evolutionary novel drug substances.
Harmful aspects of addiction result from a mismatch between our
innate biological tendencies and the options for meeting those needs
provided by the environment. Drugs of abuse are thought to falsely
trigger natural reward circuits and their sense of tness bene ts by
blocking or short-circuiting the painful feelings that provide the
adaptive functions of stimulating avoidance behaviors.
These perspectives have not considered the deeper evolutionary
roots of the relationships between our nervous systems and these
substances—which are both endogenous to our nervous system
and were also found in our ancient environments. The evolutionary
approaches to addiction address the genetically based traits that
result in behaviors that have effects in increasing tness (survival
and reproduction). Since drugs have generally been conceptualized
as causing problematic behaviors that reduce tness, the idea that
their use may confer tness is initially counterintuitive. But this is
the result of a particular paradigmatic perspective.

Drug Use: Mismatch or Adaptation?
Sullivan, Hagen, and Hammerstein (2008) point to a variety of forms
of evidence that illustrate problems with the predominant mismatch

hypothesis. These substances are not new but were part of ancient
environmental exposures that resulted in evolved counter-measures

to these plant defenses. A central problem is the paradox of this
concept of drugs as sources of hedonistic rewards that stimulate our
reward systems because they have their role in ecological relations as

toxins that inhibit consumption by poisoning those who consume
them. If the presence of these toxins in plants is an evolutionary
adaptation to deterring consumption by animals, why is it that these

same substances are viewed as producing pleasurable rewards? Since
animals do not evolve genetic capacities to reward non-adaptive or
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tness-reducing behaviors (rewarding the consumption of dangerous
neurotoxins), Sullivan, Hagen, and Hammerstein conclude that
humans evolved in order to make use of these exogenous substances.
Several aspects of drug effects suggest an evolved capacity to bene t

from these substances. In contrast to the debilitating effects generally
attributed to drugs, Smith (1999) illustrates there are a variety of
tness bene ts to using these substances. Fitness bene ts may have

accrued to our ancestors as a consequence of their ability to respond
to these psychoactive substances. Across the diverse classes of plant
drugs there are effects of enhanced vigilance, the ability to ignore
pain in the interest of survival activities, increased access to mating
opportunities, reduction of apprehension and stress, feelings of
detachment and euphoria, increased endurance and self-con dence,

enhanced sensory and mental acuity, reduction of defensiveness,
and reduction of depression and self-defeating activities. Clearly
many adaptive mechanisms could have been involved in humans‘

physiological and cultural adaptations to environmental sources of
consciousness-altering chemicals.
The effects of these toxins on the brains reward centers may

be an accident of plant-herbivore coevolution but also display
hallmark features of natural adaptations (Smith and Tasnadi 2003).
A reciprocal relationship between food consumption and taste is
provoked by opioids—foods taste better when we are on opioids,
and good-tasting food—sugars—cause a release of B-endorphin.
Mammals evolved to eat foods with nutritional value, and the rare
presence of sugar in the aboriginal environment led to the selection
for use of endogenous opioid release, to reinforce additional eating

behavior. Gestational nutritional needs may have selected for
opioid systems that induce fruit cravings and the many associated
nutritional advantages of their consumption.
De ning characteristics of humans, such as abstract, generative,
and context-independent cognition and other advanced mental skills,
require dopamine as a neurotransmitter (Previc 2009). The use of
executive intelligence activates the dopamine system, and dopamine
de ciencies are associated with a wide range of cognitive de cits.
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Previc shows that dopamines effects must be related to humans‘
evolved cognitive capacities, because dopamine is central to advanced
intelligence, not only in humans but in other animals as well. All
species with advanced intelligence have concentrated dopamine,

which may have been the only neurotransmitter that expanded
through the evolution of primates and hominids. Furthermore,
dopamine is highly concentrated in the prefrontal cortex, which

is Cl'11ClEll to humans’ higher order reasoning and planning (Previc
2009: 15). The overall expansion of the dopaminergic system in
primates and humans led to increased concentrations in most
cortical regions, with high concentrations in the prefrontal and
frontal regions, especially in sensory processing areas where crossmodal integration occurs. Primates also evidence a greater density

of dopamine receptors in Level 1 of the cortex, the layer where
coordination of activities underlying cognitive processes takes place.
Dopamine and acetylcholine predominate as neurotransmitters in

the left hemisphere, which is the brain area managing these skills.
Previc notes that in the overall human evolution of the
dopaminergic systems, there was a greater expansion of the

prefrontal/striatal dopaminergic system relative to the mesolimbic!
mesocortical pathways. He proposes that this allowed for the
sublimation of basic impulsive mesolimbic drives and their control
by our rational intellect. Dopamine also plays a central role in goaldirected behavior, and has a role in dampening the physiological
aspects of the stress response. This most important dopaminergic
function reflects parasympathetic action on the autonomic nervous
system ANS, dampening physiological arousal and increasing

peripheral vasodilation (which has roles in erectile function and male
sexual behavior). Dopamine also mediates pleasant and euphoric
states, but appears to have greater importance in inhibiting negative
emotional arousal of fear and anxiety, leading to a greater sense of
control, an internal locus of control. This ability to use dopamine as
a stress-reducer enables highly dopaminergic individuals to function
more effectively in extreme environments (Previc 2009: 36), since
dopamine helps in managing stress by assisting in active coping.
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Drug Use and the Evolution of Consciousness
Sullivan and Hagen (2002) review evidence of a long-term
evolutionary relationship between psychotropic plant substances
and humans’ cognitive capacities that indicates there were selective
bene ts of substance use. They characterize these bene ts in terms
of the ability of plants to provide neurotransmitter analogues, which
served as substitutes for endogenous transmitters that are rare or
otherwise limited by dietary constraints. These are primarily in
the monoamine neurotransmitters such as serotonin, as well as
acetylcholine, norepinephrine, and dopamine, which are crucial
for normal brain function and require dietary precursors. These
neurotransmitters are central to managing stress, exerting selective
pressures for metabolic systems that utilize these exogenous sources
of precursors for these neurotransmitters. Human genetic adaptations
to utilize these substances are illustrated in human-chimpanzee

differences in neurotransmitter and neurohormone systems and
responses, particularly the opioids, dopamine and serotonin.

Human-Chimpanzee Differences in Drug Metabolism
and Neurotransmitter Systems
The conservation of aspects of the dopamine and serotonergic
neurotransmitter systems across evolution is manifested in their basic
similarities across mammalian species; there were also enhancements
of these systems in human evolution. Genes that control protein
sequences in the brain have evolved much more quickly in humans
than chimpanzees (Shi, Bakewell, and Zhang 2006). Since the
divergence of hominids from our hominid ancestors, there has been
an accelerated evolution of and a positive selection for polypeptide
precursors and genes involved in opioid regulation (Wang et al
2005, Rockman et al 2005). The uniquely human pituitary cyclaseactivating polypeptide precursor (PACAP) that emerged during
human origins and since the time of separation from our common
ancestor with chimpanzees underwent accelerated evolution only in
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the human lineage (Wang et al 2005). The rapid evolution of PACAP
precursor genes was a consequence of positive selection, which
occurred in the central regions of the gene, sites that have a critical
role in enhancing the biological activity of neuropeptides through

protecting them from enzymatic degradation and increasing their
af nity for receptor binding (Wang et al 2005).
“The Chimpanzee Sequencing and Analysis Consortium“ (Wang

et al 2005) found signi cant human and chimpanzee differences
that indicate that there was a rapid evolutionary divergence in the
human line involving xenobiotic metabolizing genes that provide an

ability to metabolize the plant toxins. Some of the most signi cant
differences are in segmental duplication of genes, their repetition
in speci c areas of the genome. These gene duplications produce

changes in the onset and extent of gene expressions, as well as
mechanisms for a diversi cation of genes, which can occur during
duplication, providing a basis for novel functions (Wooding and

jorde 2006).
The human CYPZD6 gene illustrates the adaptive functions that can
come from segmental duplication and its role in encoding an enzyme
(cytochrome P450) involved in the metabolism of drugs. Sullivan
et al (2008) point out that the mammalian xenobiotic-metabolizing
cytochrome P450 provides evidence of a deep evolutionary history
of adaptation to plant toxins. Our ancestors underwent positive
selection for CYP2D, an enzyme that enables the body to metabolize
opiates, amphetamines, and other drugs, including plant toxins and
serotonin reuptake inhibitors.
There have been waves of selective effects in the hominid line for

genes associated with opioid cis-regulation (Rockman et al 2005).
The prodynorphin gene is found in chimpanzees as well, but it is
expressed to a far greater extent in humans. Natural selection resulted

in an alteration of human prodynorphin, a signi cant precursor
molecule for a range of endogenous opioids and neuropeptides.
The evolution of humans involved natural selection for genetic
modi cations involving the ability to induce endogenous opioid
precursors. This selection for prodynorphin expression contributed
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in signi cant ways to the evolution of human perception, emotion,
and learning.

Human evolutionary divergence from chimpanzees also involved
increases in expression of genes in regions involving regulatory

genes that duplicate copies of some genes. Oldham, I-Iorvath, and
Geschwind (2006) characterize the chimp-human differences as
involving an increased connectivity in the gene co-expression

networks in frontal brain networks of humans. Humans have an
intensi cation of expression of genes associated with the CNS and
the frontal cortex innervations, particularly circuitry underlying
higher cognitive processes.
Highly dopaminergic minds are active, above average in
intelligence, achievement-oriented and goal seeking, and con dent

in their abilities (Previc 2009). This is the positive side of the
dopaminergic mind; there is also a dark side. This is illustrated in
the numerous pathologies associated with de ciencies of dopamine.

There are several different dopamine-mediated personality disorders
linked to one of two major dopaminergic systems (i.e., lateral and
ventromedial). The ventromedial dopaminergic system provokes

intense unconstrained aggressive drives to achieve distant goals, that
is, an unleashing of the motivation drives associated with wanting. It
also stimulates the creative genius in a search for novel associations
among stimuli. The stimulation of the lateral dopaminergic levels
that enhances executive control and internal locus of control can at

excessive levels lead to delusions of grandeur and invincibility, and
magical ideation about abilities to control distant events, and others.

Serotonergic Systems and the Alteration of
Consciousness
Another neurotransmitter system involved in altered consciousness
is the serotonin system, the primary system that is affected by
psychedelics such as LSD and psilocybin. Dopamine and serotonin
are the two most important amines, and play a complementary role
in balancing the functions of the brain and body. “[T]he serotonergic
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inhibition of dopamine release is arguably the clinically most
important neurochemical interaction in the brain
particularly
in the ventromedial and limbic subcortical and cortical areas"
(Previc 2009: 21). The right hemisphere and its serotonergic and

noradrenergic systems inhibit the left hemisphere and dopamine.
Environmental mechanisms selecting for enhancement of speci c
neurotransmitter capacities involve the many genres and species of

psilocybin-containing mushrooms found worldwide, in frequent
association with spiritual traditions. These substances have powerful
effects on consciousness through action on the serotonergic
neurotransmitter systems, producing alterations of consciousness
that typify human concerns with the soul and supernatural. While
humans and other animals tend to respond in similar ways to

drugs, there are notable human-chimpanzee differences in selfadministration of drugs. While laboratory chimps will generally
self-administer alcohol, heroin, cocaine, caffeine, nicotine, and

other addictive substances, there is a notable class of drugs that
they will not continue to self-administer-—the psychedelics (McKim
1991). This is speci cally true for our closest animal relatives, the

chimpanzees. These differences reflect evolved differences in the
serotonergic binding properties of humans’ hominid ancestors.

Human-Chimpanzee Divergences in Serotonergic
Binding
Raghanti et al (2008) review the wide range of evidence that

indicates that the role of serotonin (5HT) in support of higher
cognitive functions was modi ed in the course of human evolution
and contributed to our cognitive specializations. The central effects
of LSD and hallucinogenic drugs on 5-HT receptors indicate that
these should be prime candidates for evolution of our capacity
for the spiritual experiences produced by these substances. There
is significant phylogenetic variation between humans and chimps
that appears to have substantial functional implications for our
cognitive processing capabilities. Humans do not have, however,
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quantitative increases in serotonin innervations, in comparison to
chimpanzees, although there are species differences in innervations
patterns. In many respects chimpanzees and humans are similar in
their differences with respect to the serotonergic systems of other

primates, including having the serotonergic axons emanating from
the median raphe nuclei and unique neuronal cells in cortical areas
responsible for processing emotional and cognitive information

(Raghanti et al 2008).
Pregenzer et al (1997) report ndings that the human and
chimpanzee 5-HTID receptor amino acid sequences do, however,
differ. In comparison with chimps, human serotonergic ligands,
including several indoles and ergots, have comparable, low
nanomolar binding af nities and a remarkable degree of similarity

in their binding pro les with other ligands, the agents that bind
to receptor sites. Yet while the chimpanzee 5-HTID receptors show
a high degree of similarity to human 5-HT“) receptors, there are

chemical template differences that indicate molecular divergences
among the 5-HT“) receptors of humans and chimpanzees (Pregenzer
etal1997)
Pregenzer et al (1997) examined the similarity of humans,
chimpanzees, other primates, and mammals in the displacement of
serotonin by various drugs. In spite of highly analogous responses
to indoles and ergots in the binding of a wide variety of subtypes of
serotonin and dopamine receptors across primates and mammals,
there are notable human differences. Even though humans and
chimpanzees do not signi cantly differ in serotonin dissociation,
humans have signi cantly greater displacement (2.5 to 4 times

greater) as compared with chimpanzees on the binding of LSD
and the ergots metergoline and dihydroergotamine (Pregenzer et
al 1997). This evidence is highly suggestive of the possibility that

humans evolved to more ef ciently process psychedelic drugs.
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Exogenous Neurotransmitters: Psilocybin-Containing
Mushrooms
Adaptations to the fungi in their environment, especially the toxic

species of mushrooms, was a signi cant feature affecting hominin
evolution. The psychoactive fungi that our foraging ancestors explored
as possible food items in their environments exerted a selective

influence on hominid evolution. Psychedelic mushrooms would
have been invariably encountered in our ancestral past, especially

in tropical regions, given their worldwide distribution. Species of
mushrooms containing psilocybin have been found around the world
(Guzman, Allen, and Gartz 1998). The worldwide distribution of
neurotropic fungi used as sacraments in cultures around the world
is good evidence that such substances altered consciousness in ways
that induced spiritual experiences and contributed directly to the

development of religious explanations and activities. The ancient
encounter with these substances is manifested in religious and
spiritual interpretations associated with mushrooms worldwide (see
Schultes and Hofmann, I979, Ratsch 2005). Hundreds of cultures
have been found in which a wide variety of psychoactive substances
are used in religions, particularly shamanistic traditions.
The objective ability of the psychedelics to induce mystical and
spiritual experiences is attested to in controlled clinical studies.

Since the famous “Good Friday“ experiment by Pahnke (1966), there
has been clinical evidence of the objective ability of psychedelics
to produce mystical alterations of consciousness. In this classic
experiment, seminary students at Harvard Divinity School took
psilocybin or a placebo control. Most of the seminary students who
received psilocybin had the most profound spiritual experiences
of their lives and remained convinced even decades later that it
was the most profound spiritual experience of their very religious
lives. This ability of the chemical substrate to produce spiritual
experiences was recently con rmed in a study carried out at john
Hopkins University by Grif ths et al (2006), which found that when
the participants took psilocybin (as opposed to a control substance)
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they had spiritual and mystical experiences that induced effects on
their attitudes, moods, as well as their own experience of spirituality,
which persisted for months afterward. Two-thirds of the psilocybin
group rated the experience among the most meaningful and spiritual
experiences of their entire life. They had signi cantly higher scores
on scales for introvertive mysticism, extravertive mysticism, internal
and external unity, sacredness, intuitive knowledge, transcendence

of time and space, ineffability, experiences of oceanic boundlessness,
and visionary structuralization. In addition, psilocybin participants
showed signi cantly higher levels of peace, harmony, joy, and intense
happiness, an enhanced positive attitude and mood about life, and
increases in altruistic social behaviors.
These ndings indicate that these substances led human ancestors

to an enhanced capacity to experience spiritual and transcendental
connections,special alterations ofconsciousness thatalso had adaptive
social signi cance. These psychedelic-based cognitive experiences

constitute a neurotheology a neurologically based theology derived
from properties of the neural system, manifested in a number of
similar features associated with the use of psychedelic substances in

cultures around the world (Dobkin dc Rios 1984; Winkelman 1996,
2000, 2007). These features of psilocybin-induced experiences are
also central to shamanism (Winkelman 1992, 2000, 2010). Since
shamanism constitutes a primordial worldwide form of religious
practice, this suggests that it was the effects of these substances that
were responsible for the initial emergence of spirituality and the
central alterations of consciousness institutionalized in shamanistic
traditions around the world.

A signi cant aspect of these exogenous neurotransmitter sources,
illustrated in the effects of psilocybin-containing mushrooms, is
their intrinsic ability to induce an animistic worldview regarding

consciousness. This biologically based “neurotheology“ presents
a mystical view of the world that has been fundamental to
the understanding of consciousness for many cultures. This
neurotheology reflects an adaptive feature of the ability to use these
plant-derived exogenous sources of neurotransmitters. Their effects
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on the serotonergic nervous system and macro-level processing
in the brain produces alterations of consciousness that have been
core to consciousness traditions. Their effects subjectively present a
model of consciousness as spiritual, multileveled, and transcendent,

and consider the typical manifestations of altered consciousness to
be the most signi cant of all forms of consciousness.

Dance as an Adaptation for Altered States
One uniquely human behavior in which both serotonin and opioids

were involved is dance. While the uniquely human capacity for
dance involves exaptations of capacities provided by bipedalism
and mimesis (Donald 1991), it has signi cant precursors in other

mammalian behaviors. The special signi cance of dance in the
alteration of consciousness is reflected in its worldwide association
with spiritual, artistic, and collective social practices and its core role

in the activities of shamanism.
Bachner-Melman et al (2005) studied speci c gene polymorphisms
associated with people who are engaged intensively with creative

dance performance. This enhanced genotype associated with
professional dancers was also associated with serotonin transporters
(SLC6A4) and an arginine vasopressin receptor (AVPR1a), which is
activated by opioids. Professional dancers had higher levels of both
of these gene frequencies than normal controls and professional

athletes; furthermore, the higher levels of these genes were
signi cantly associated with a measure of spirituality and altered
states of consciousness (the Tellegren Absorption Scale).

Bachner-Melman et al hypothesize that the association of
AVPR1a and SLC6A4 with dance reflects a common basis in genes
associated with courtship and social communication and mediated
by personality factors reflecting the social communication and the
spiritual facets of dancing. The association of dance and the AVPR1a
gene reflects the central role of communication and social relations in

the functions of dance, with the evolutionary linkages of the AVPR1a
gene and dance reflected in vasopressins role in vertebrate courtship
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behavior, maternal behavior, animal bonding, and romantic
attachment in humans. Human dancing is part courtship and part
social communication strategies that have a shared evolutionary
history with the mating displays and af liative behaviors of other

animals, reflecting a common basis in conservative neurochemical
and genetic mechanisms across vertebrates (Bachner-Melman et al
2005).

Adaptive Effects of Altered Consciousness
This coevolution of our capacities for using exogenous
neurotransmitter substances and experiencing unusual forms of
consciousness involved a variety of adaptive effects. As Sullivan et

al (2008) note, these are rare neurotransmitter substances; most
require dietary precursors, and the capacity to metabolize and use
exogenous sources of these substances provided intrinsic bene ts.

These psychotropic plants are capable of producing a variety of
other adaptive effects as well. The toxic effects of their alkaloids on
a wide range of intestinal worms would have contributed to human

health, likely contributing to the ubiquitous sense that these plants
are in some way “cleansing.” There are a range of physiological
effects as a function of dose, including increased awareness and

attention, enhanced visual acuity and excitement, including
erection and sexual arousal (see Winkelman and Schultes, 1996 for
review). Psychotropic plants also provided adaptive advantages in
their integrative and informational properties associated with the
alteration of consciousness (Winkelman 2007, 2010).

Mandel] (1980) suggests that the common biological basis of
diverse procedures, agents, and conditions involve disinhibiting
the temporal lobe structures that result in the emotional flooding

experienced as ecstasy and visions from the “inner world.” The
hippocampal-septal system, whose activation is associated with
these effects, has terminal projections from the somatic and

autonomic nervous systems that form part of an extensive system
of innervations connecting areas of the brain, in particular, linking
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the frontal cortex with the limbic system. The limbic system (the
paleomammalian brain) is that part of the brain where emotions are
integrated with memories. Enhancement of these processes with
exogenous neurotransmitter analogues such as the DMT in psilocybin

mushrooms illustrates their adaptive advantages associated with
group bonding.
Although the psychedelics are characterized by a number of

different chemical structures and modes of action, they produce
a number of common physiological effects through their effects
on the serotonergic neurotransmitter system (see Passie et al
2008; also see Aghajanian and Marek 1999). The major naturally
occurring psychedelics (such as the mescaline-containing cacti
and various genera of psilocybin-containing mushrooms) contain

phenylalkylamine and indole alkaloids similar in chemical structure
to the neural transmitter serotonin, and have their effects on
consciousness and spiritual experiences by their interaction with

serotonergic receptors. The role of serotonin as a “neuromodulator,”
the structural similarity of psychedelics and serotonin, and the speci c
effects of the psychedelics on serotonergic transmission provide a

basis for their recharacterization as “psychointegrators“ (Winkelman
1996, 2001, 2007). While there are a number of different substances
that produce hallucinogenic reactions in humans, those with a basis
in action on serotonin act as psychointegrators, enhancing the
integration of information in the brain by releasing the functions of

areas central to managing processes related to fundamental aspects of
self, emotions, memories, and attachments. This psychointegrative
effect is manifested physiologically in the typical effects on brain

waves produced by these substances, the stimulation of coherent
theta wave synchronization along the neuraxis, the central nerve
bundle linking the structural levels of the brain. The effects are
manifested psychologically in the experiences of healing, wholeness,
interconnectedness, cosmic consciousness, and other transpersonal
experiences that these substances regularly produce.
This integration of brain networks as a generic feature
underlying ASC is illustrated by Vollenweiders (1998) research
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on the mechanisms of action of psychedelics on the major cortical
loops. The frontal-subcortical circuits provide one of the principal
organizational networks of the brain involving neuronal linkages
and feedback loops of the cortical areas of the frontal brain with the
thalamus of the brain stem region. These loops unite speci c regions
of the frontal cortex with lower brain regions, providing circuits
that are central to brain-behavioral relationships, social actions,
motivations, and executive functions. Vollenweider attributes the
consciousness-altering properties of psychedelics to their selective
effects on the brains cortico-striato-thalamo-cortical feedback loops
that link the information-gating systems of lower levels of the brain
with the frontal cortex. These loops are regulated by the thalamus,
which limits the ascending inforrnation to the frontal cortex from
the environment and body. Psychedelics disable this disinhibition
process; this increases access to the flow of information that is
ordinarily inhibited, overwhelming the frontal cortex and leading
to an alteration of experience of self, other, environment, and the
internal world of psychological structures and projections.
The effects of these substances upon neural, sensory, emotional,
and cognitive processes illustrate the adaptive advantages produced
by the inhibition of the serotonergic systems. This involves an
enhancement ofconsciousness provoked by increasing the integrative
information-processing, achieved by stimulation of the serotonergic
circuitry linking the lower structures of the brain (paleomammalian
and reptilian). Psychointegrative effects derive from the disinhibition
of emotional and social processes and the stimulation of systemic
integration of brain functions, resulting in the integration of
limbic system emotional processes with the neocortical processes.
This results from the loss of the inhibitory effect of serotonin on
the mesolimbic temporal lobe structures, leading to synchronous
discharges in the temporal-lobe limbic structures of the visual cortex
experienced as visions (Mandel 1980). The psychointegrators have
the effect of coupling nonlinguistic behavioral and social-emotional
dynamics with rational processes and result in a function integration
of the different systems of the brain.
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Conclusions
Both dopamine and serotonin are key to understanding the
alterations of consciousness found worldwide in shamanistic
traditions. Selection for enhanced opioid mechanisms over hominid
evolution increased capacities in social, emotional, and cognitive
areas, exempli ed in group bonding rituals. Species of psilocybincontaining mushrooms found worldwide likely selected for enhanced
serotonergic neurotransmitter systems, where the interference effects
of these substances produce alterations of consciousness that typify
human concerns with the soul and supernatural. These adaptations
are manifested in the universality of ritual practices directed at
enhancing peoples access to these experiences (Winkelman 1992).
Winkelman (2010) describes a variety of adaptive aspects of
drugs and the associated conditions of altered consciousness.
One feature involves their ability to enhance access to normally
unconscious information and to integrate thought processes.
These innate propensities produce an integration of different brain
systems, enhance learning of information and promote behavioral,
emotional, and cognitive integration. Religious altered states of
consciousness reflect an adaptive response involving enhanced
integration of information from unconscious processes of the mind,
integrating the body-level awareness of the prelinguistic mind into
consciousness. Religious experiences are encounters with our own
unconscious potential in ways that are directly accessible to personal
consciousness, enabling normally unconscious infonnation to be
used in directing our adaptations to the environment. The functional
roles provided by the dream capacity are elicited both by shamanic
ritual as well as the exogenous opioid and serotonergic analogues.
The association of serotonin and the opioid system (vasopressin)
with alterations of consciousness and mystical experiences, as well
as enhanced dance propensities, indicates a coevolution of the
capacities of dance and the capacities for altering consciousness.
Clearly, dance has that capacity to induce alterations of consciousness
through a variety of mechanisms (such as stimulating the release
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of opioids, producing rhythmic stimulation of the brain, as well as
inducing exhaustion and collapse; see Winkelman 2010). Further
genetic adaptations involving the serotonergic and opioid systems
in dance are linked to the evolution of a set of uniquely human
capacities involving the expressive capacity of mimesis, the ability to
intentionally represent through imitation. This body-based imagistic
system of expression reflects a level of consciousness communicated
through a variety of expressive forms—such as play, drama, ritual,
music, emotions, shamanic ritual, and ultimately human spirituality
and religion.
Previc (2006) contends that there is a common neuroanatomy
and neurochemistry underlying phenomena such as dreaming,
hallucinations, and extreme religious beliefs. The common neural
substrate involves dopamine, particularly elevated levels in the
ventromedial cortical areas. This corresponds to the anatomical
basis of these phenomena, which he postulated to “be mediated
by ventromedial (cortico-limbic) pathways extending from the
medial temporal lobe to the anterior cingulate and prefrontal cortex”
(2006: 518). Previc notes that there are a number of psychological
disorders (i.e., bipolar disorder, obsessive compulsive disorder,
and schizophrenia) that are: 1) associated with increased religious
activity, experiences, or practices; and 2) involve an overactivation
of dopamine, particularly in the left hemisphere. Furthermore, the
brain activity typical of disorders associated with hyper-religiosity,
as well as dreams, hallucinations, paranormal experience, and
paranormal behaviors, involve action in the ventromedial system
of extrapersonal functions, which is freed from inhibition by the
prefrontal (focal-extrapersonal or executive) dopaminergic system
and/or posterior serotonergic (peripersonal) inputs (Previc).
Diverse forms of altering consciousness all involve this enhanced
capability to access the output of the unconscious mind and our
innate cognitive modules. These capacities are elicited by many
mechanisms, particularly in the visual system, where the effects of
vision-inducing plants are among the most prominent mechanisms.
They enabled an extended exploitation of the visual associational
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cortex and its ability to manage visual and other information. This
expanded associational area improved the brains capacity to interface
with a variety of other neural mechanisms, including those involved
in learning, problem-solving, and memory formation.
The role of drugs in the evolution of human consciousness must be
understood in relationship to effects on the serotonergic system and
its roles in overall brain functioning. The alterations of consciousness
enhance paleomammalian brain functions and their coordination
and integration with the entire brain. Enhanced serotonergic
mechanisms contributed to experiences of altered consciousness
in humans, embodied in visionary experiences. The recurrent
features of the mystical experiences induced by these substances
indicate that they reflect biological bases and neurognostic forms,
biologically based aspects of knowing. These experiences re ected
an enhanced integration of unconscious processes and potentials
into consciousness and the overall integration of brain processes.
Human evolution was stimulated by interactions among exogenous
neurotransmitter substances. the adaptive potentials of the states
of consciousness they produced, and the shamanic ritual practices
that supported the engagement with altered states. The worldwide
association of psychedelics with spiritual traditions re ects the ability
of these substances to produce profound alterations of consciousness.
These alterations provide a basic neurophenornenological paradigm
for understanding the nature of altered consciousness.
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