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1 Introduction
Philosophical and empirical research on bodily awareness has mostly focused so far on bodily disor-
ders – such as anorexia nervosa (Cash & Brown, 1987), somatoparaphrenia (Vallar & Ronchi, 2009),
or xenomelia (body integrity dysphoria) (McGeoch et al., 2011) – and bodily illusions induced in an
experimental setting – such as the rubber hand illusion (Botvinick & Cohen, 1998), or the thermal
grid illusion (Craig, Reiman, Evans, & Bushnell, 1996). Studying these conditions can be illuminating
to investigate a broad range of issues about the nature, function, and etiology of bodily experience
(Frédérique de Vignemont, 2019, 2020a). However, a number of psychoactive compounds can also
induce a remarkably wide variety of bodily effects that have received little attention despite their rel-
evance to these issues. Some of these effects are similar to those associated with bodily disorders or
experimental bodily illusions, while others appear to be unique. The purpose of this chapter is to pro-
vide an overview of these lesser known bodily effects of psychoactive compounds, and outline some
ways in which they can bear on recent debates regarding bodily awareness and bodily ownership.1

There are a few reasonswhywe should paymore attention to drug-induced alterations of bodily aware-
ness. Firstly, even within psychopharmacological research on the sensory effects of psychoactive
molecules in human subjects, bodily phenomena are less studied than visual phenomena – perhaps
a symptom of the more general bias towards visual processing in psychology and neuroscience (Hut-
macher, 2019). Secondly, the sheer diversity of drug-induced bodily experiences warrants further in-
vestigation to broaden our repertoire of interesting bodily phenomena. Just as studying drug-induced
visual hallucinations can be helpful to consider awider range of edge cases in the philosophy of percep-
tion (González, 2010), the discussion of many philosophical issues regarding bodily experience can
benefit from considering drug-induced bodily hallucinations and related phenomena (Blom & Som-
mer, 2012). Thirdly, gaining more insight into the wide-ranging bodily effects of psychoactive drugs
may help us discriminate bodily-related dimensions of consciousness at a higher fineness of grain,

1Note that some bodily experiences reported after drug consumption cannot be attributed to their effects on neuroreceptors
or neurotransmitters in the brain, but are merely related to the route of administration. For example, consuming the seeds of
Argyreia nervosa often causes intense stomach pain unrelated to their high concentration of the serotonergic psychedelic LSA.
I will discard such effects to focus on those mediated by neuropharmacological pathways.
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and inform our taxonomy of global states of consciousness (Bayne & Carter, 2018; Fortier-Davy &
Millière, 2020). Fourthly, for some specific issues, drug-induced alterations of bodily awareness may
offer a richer body of evidence than bodily disorders of neurological origin. Indeed, they can easily,
and often safely, be studied in healthy subjects in the laboratory – being almost always fully reversible,
and in some cases very short-lasting. Furthermore, retrospective reports about drug-induced experi-
ences can be easier to interpret than available reports from isolated case studies of bodily pathologies:
they are generally not associated with delusional beliefs, and are often much more detailed. Finally,
gaining a better understanding of the bodily effects of various compounds, as well as the underlying
mechanisms through which they reshape bodily representations, may lead to novel pharmacological
therapies for bodily disorders such as anorexia nervosa (Foldi, Liknaitzky, Williams, &Oldfield, 2020;
Ho, Preller, & Lenggenhager, 2020; Nichols, Johnson, & Nichols, 2017).

In what follows, I will group drug-induced bodily experiences within three categories: (a) non-
illusory bodily experiences, (b) bodily illusions and hallucinations, and (c) bodily deficits. The first
category is intended to include bodily experiences induced by psychoactive compounds that do not
clearly involve misrepresenting properties of one’s body, or representing properties of non-existent
objects. I include in this category what Armstrong (1962) calls “bodily sensation”, such as fatigue
and stimulation; as well as sensations of physical euphoria, relaxation, and pain. The second
category is intended to include anomalous bodily experiences that can be characterized as illusory –
representing one’s body as having a property it does not in fact have – or hallucinatory – representing
a non-existent object as being part of, or interacting with, one’s body. The distinction between
illusions and hallucinations is difficult to draw in the case of anomalous bodily sensations. Those
that fall under one label given a particular description often fall under the other given a slightly
different description, which may be equally apt depending on further commitments regarding
the metaphysics of bodily experience. For this reason, I will group anomalous bodily experiences
that can be characterized as illusions or hallucinations together. The third category pertains to
disruptions of bodily awareness that result in the inhibition or loss of certain features of ordinary
experience, rather than the occurrence of additional anomalous sensations.

Whether this trichotomy carves (drug-induced) bodily experiences at their natural joints is an open
and substantive question. On some representationalist accounts of pain, for example, one might de-
scribe painful experiences induced by drugs in the absence of bodily damage as illusory, and prefer
to group them in the second category. Likewise, some instances of what I call bodily deficits might
be described as involving an illusory component. My purpose here is not to justify the legitimacy of
these categories, but to use them as convenient classes to chart the varieties of drug-induced bodily
experiences. Within each category, bodily experiences can be further broken down according to the
sensorymodality and representational features involved. Again, there is room for disagreement about
the individuation of bodily modalities, but I will not engage in this debate here. As we shall see, some
drug-induced bodily experiences also appear to bemultimodal. Psychoactive compounds themselves
can be categorized within broad classes according to the main neuropharmacological mechanism(s)
mediating their subjective effects (see table 1 for a non-exhaustive summary).

Table 1: Main classes of psychoactive compounds

Pharmacological class Main mechanism Compounds (examples)

Classic psychedelics 5-HT2A receptor agonism Psilocybin, LSD, DMT
Empathogens 5-HT/NE release/reuptake inhibition MDMA, MDA, αMT
Stimulants DA/NE release/reuptake inhibition Amphetamine, Cocaine
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Pharmacological class Main mechanism Compounds (examples)

Dissociative anesthetics NMDA receptor antagonism Ketamine, DXM, MXE
κ-opioid dissociatives κ-opioid receptor agonism Salvinorin A
Cannabinoids CB receptors agonism THC, JWH-018
Deliriants mACh receptor antagonism Scopolamine, DPH
Depressants GABAA receptor

modulation/agonism
Ethanol, Aprazolam

Opioids μ-opioid receptor agonism Heroin, Tramadol

2 A note on methodology
Experimental research on the subjective effects of psychoactive compounds on human subjects is
currently undergoing a renaissance, particularly with classic psychedelics such as psilocybin and LSD
(Lawrence, Sharma, Griffiths, & Carhart-Harris, 2021). Nonetheless, there is still a limited number of
studies investigating drug-induced bodily experiences in a controlled setting, and many compounds
used recreationally have not yet been studied in the laboratory. To compensate for the relative scarcity
of experimental studies, I conducted a novel exploratory analysis of a curated corpus of 22,154 re-
ports of drug-induced experiences.2 I identified reports describing salient bodily effects by semantic
search of the corpus with a state-of-the-art natural language processing algorithm optimized for sen-
tence similarity. Specifically, I used amodified RoBERTa languagemodel (Liu et al., 2019), trained on
the Stanford Natural Language Inference (SNLI) (Bowman, R., Angeli, Potts, & Manning, 2015) and
the Multi-Genre Natural Language Inference (Multi-NLI) (Williams, Nangia, & Bowman, 2018) cor-
pora, and fine-tuned on the Semantic Textual Similarity (STS) benchmark.3 The model was modified
with a siamese network structure to derive semantically meaningful sentence embeddings that can
be compared using cosine similarity (Reimers & Gurevych, 2019). I subsequently performed a qual-
itative analysis of the reports identified as describing salient bodily effects, to summarize frequently
described effects in each category and select relevant quotes. For each report quoted below, I have
included (a) the psychoactive compound taken, (b) the pharmacological class to which it belongs (as
outlined in table 1), and (c) the unique identifier of the report, which can be used to retrieve it online.

3 Non-illusory bodily experiences

3.1 Fatigue and stimulation
Fatigue is a common effect of many psychoactive compounds, such as depressants, opioids and deliri-
ants. Among depressants, alcohol is somewhat unique in that it can have both stimulant and seda-
tive effects (Hendler, Ramchandani, Gilman, & Hommer, 2013). Other depressants such as benzo-
diazepines and barbiturates are used as anxiolytics because of their tranquilizing effects, reported as
feelings of drowsiness and lethargy (Greenblatt, 1992), while opioids cause bodily numbness and seda-
tion associated with their analgesic properties (Benyamin et al., 2008). Drowsiness is also a side effect
of first-generations antihistamines, such as diphenhydramine, abused for their deliriant properties at
high doses (Gengo, Gabos, & Miller, 1989).

2Retrieved from https://erowid.org/experiences, excluding drug combinations.
3https://ixa2.si.ehu.eus/stswiki/index.php/STSbenchmark
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By contrast, other classes of psychoactive compounds are associated with bodily stimulation, partic-
ularly stimulants, empathogens and classic psychedelics. Stimulants such as cocaine, amphetamine,
and methamphetamine have energizing effects mainly mediated by dopaminergic activity (Panenka
et al., 2013; Sofuoglu, DeVito, & Kosten, 2021; Varì, Pichini, Giorgetti, & Busardò, 2019). So-called
empathogens likeMDMA are closely related to classic stimulants (most of them being substituted am-
phetamines), and also have stimulant properties associated with feelings of elation (Baylen & Rosen-
berg, 2006; Iversen, White, & Treble, 2014). Likewise, many psychedelics induce stimulating bodily
effects, colloquially described by recreational users as a “body buzz”, generally characterized as plea-
surable:

My body was buzzing with incredible energy. [Psilocybin | psychedelic | #26644]

3.2 Bodily euphoria and pain
Many compounds can induce feelings of general bodily pleasure and euphoria, either associated with
sedation (e.g., opioids) or with stimulation (e.g., stimulants, empathogens, and psychedelics). Thus,
initial exposure to opioids for recreational rather than analgesic purposes is often described as pro-
foundly relaxing and euphoric (Bieber et al., 2008; Comer & Zacny, 2005). Some stimulants, such as
methamphetamine, can induce feelings of bodily pleasure associated with increased energy and moti-
vation (Cruickshank & Dyer, 2009). Likewise, the euphoric effects of empathogens and psychedelics
are generally related to stimulation:

I began to feel the body buzz and as a few minutes progressed, it became more and more
strong. I felt very euphoric and excited. When we sat down, I noticed that sitting felt
amazing. Every breath felt so good. [Psilocybin | psychedelic | #32521]

However, psychedelics can also induce painful bodily sensations:

My tactile sensations were overwhelmed and I felt every molecule of air touching my
body and it was horrible […]. I felt in so much pain I was sure if I let myself close my
eyes I would die. I was in so much pain at one point I just wanted to give up. [5-MeO-
DMT | psychedelic | #32032]

Interestingly, some experiences of bodily pain caused by psychedelics are described as lacking the
negative valence of ordinary nociception:4

I […] was walking through the rice terraces scraping against briars. I felt the pain, but it
also was apparent what an illusion the pain was. I reached in front of me and squeezed
a branch of the briar hard, just to prove to myself the pain was immaterial. the pain
rippled through me in shards, but it felt silly and small and I forgot about it instantly.
[LSD | psychedelic | #27413]

I fell on my back somehow and hit my head on the concrete. […] I remember feeling
something sharp in my head that was probably pain, but didn’t feel like pain at all. [LSD
| psychedelic | #88438]

These reports are strikingly similar to descriptions of pain asymbolia, a rare condition caused by brain
lesions to the posterior insula, characterized by indifference towards painful sensations (Berthier,
Starkstein, & Leiguarda, 1988). Grahek (2007) suggests that pain asymbolia is a counterexample to

4See also Keats & Beecher (1950) for somewhat similar experiences after morphine and pentobarbital administration, and
Park (2019) for a critical discussion. Note that experiences of indifference to pain induced by psychedelics do not appear to be
mediated by partial analgesia, like those induced by opioids and depressants.
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motivationalism about pain, the view that motivational force is an intrinsic property of painful expe-
rience. In response, Klein (2015) argues that asymbolics are unresponsive to painful sensations not
because those are not intrinsically unpleasant, but because asymbolics lack the capacity to care about
their bodily integrity. However, it is not immediately obvious that this alternative interpretation
would be equally plausible for cases of drug-induced indifference to pain like those reported above,
which seem to emphasize a change in the sensory quality of the pain rather the subject’s attitude to-
wards bodily integrity. A more systematic investigation of indifference to pain in drug-induced states
might shed further light on the plausibility of motivationalist accounts.

4 Bodily illusions and hallucinations
We can distinguish at least five broad categories of bodily illusions and hallucinations, based on the
sensory modality or representational features involved (Blom & Sommer, 2012): tactile experiences
pertaining to cutaneous pressure, stretch and vibration; proprioceptive experiences pertaining to limb
position and movement; body image disturbances pertaining to enduring bodily properties; vestibu-
lar experiences pertaining to balance and spatial orientation; and interoceptive experiences pertain-
ing to internal bodily sensations and temperature. In what follows, I will loosely classify bodily illu-
sions and hallucinations within these five categories. An interesting feature of drug-induced bodily
illusions and hallucinations is that many of them are multimodal, and may involve not only several
somatosensory modalities, but also exteroceptive modalities such as vision. For the sake of simplic-
ity, I will fit multimodal illusions and hallucinations within the above categories, using the dominant
bodily modality as a guide. I will refer to all experiences discussed in this section as “hallucinations”,
although many might also be described as illusory, as mentioned in the introduction. As we shall
see, some of the most remarkable drug-induced bodily hallucinations, including multimodal tactile,
proprioceptive, body image, and vestibular disturbances with unique characteristics, are caused by
the κ-opioid receptor agonist Salvinorin A, an atypical and short-lasting dissociative naturally occur-
ring in Salvia divinorum (Addy, Garcia-Romeu, Metzger, & Wade, 2015; Butelman & Kreek, 2016;
Maqueda, 2021; Maqueda et al., 2015).

4.1 Tactile hallucinations
Tactile hallucinations can occur in a number of pathological conditions, including schizophrenia
(Pfeifer, 1970), Parkinson’s disease (Kataoka & Ueno, 2017), Alzheimer’s disease (Ali & Darbe, 2019),
dementia with Lewy bodies (Ukai, 2019), and Ekbom’s syndrome (Orsolini, Gentilotti, Giordani, &
Volpe, 2020). The clinical literature also contains case reports of tactile hallucinations induced by
psychoactive compounds. The most commonly reported kind of drug-induced tactile hallucination
is formication, the hallucination of bugs crawling on one’s skin (Medical Writers, 2017; Nakamura &
Koo, 2016). It is mostly reported after the use of stimulants, antiparkinsonian agents, and antidepres-
sants, and can trigger delusional parasitosis, the delusion of being infested by parasites. For example,
formication has been associated with cocaine (Roncero et al., 2017) and methamphetamine (Fisher
& Stanciu, 2017) use, and observed after clinical administration of methylphenidate (Rashid & Mitel-
man, 2007). Isolated cases of formication have also been reported after intoxication with drugs in
other pharmacological classes, including heroin (Nair et al., 2016) and alcohol (Sarff & Gold, 2010).
Beyond formication, tactile hallucinations have been described after intoxication with the novel dis-
sociative 3-MeO-PCP (Stevenson & Tuddenham, 2014, “He said that he could feel people touching
him,” p. 60), chronic ketamine use (Lim, 2003), and trihexyphenidyl administration (Funakawa &
Jinnai, 2005).

5



While these clinical cases reports are interesting in their own right, they do not constitute a representa-
tive sample of thewide variety of tactile hallucinations described in anecdotal reports of drug-induced
experiences. Some of these hallucinations are particularly elaborate, involving intricate themes, mul-
tiple limbs, and/or several sensory modalities. For example, formicative hallucinations induced by
deliriants can be complex and multimodal:

I felt something prickly on my left hand. […] I felt a sharp prick on my hand, between
my thumb and index finger, much like a bite. […] I saw a spider on my hand, but tried to
ignore it, thinking the hallucination would go away. I then saw it bite me and disappear,
but in its place I could see a bright red dot where apparently, it had bitten me. Then,
to make things worse, I felt a numbing sensation spread across my arm, as if toxin was
entering my blood stream. […] The touch sensory hallucinations were easily the worst
part, because I couldn’t just ignore something that I see and feel as a hallucination, as far
as I knew, it WAS a real spider. [Diphenhydramine | deliriant | #36520]

Aside from formication, common tactile hallucinations also include the feeling of being touched by
other people or entities:

I could feel many fingers touching me, and poking me. They were all over my body, and
I wondered if it was everyone touching me. […] I touched myself, to see if there were
people touching me but I didn’t feel anything. [Ayahuasca | psychedelic | #109100]

I remember the weirdest hallucinations. Not just visual or auditory, but tactile […]. I
felt as though God himself grabbed from behind with his gigantic, mighty hand and
slammed me against a planet […]. [Salvia divinorum | κ-opioid dissociative | #47277]

Some experiences involve both tactile and nociceptive components. Consider for example the follow-
ing hallucination of being nailed to a cross, caused by consumption of Amanita muscaria, an atypical
hallucinogenic mushroom whose effects are mediated by muscimol (a potent GABAA receptor ago-
nist) and ibotenic acid (an NMDA receptor agonist):

With every swing of my arms and legs, the pain in my invisible wrists and feet became
excruciatingly more intense. It felt like there were nails piercing my wrists and feet […].
I couldn’t see any nails or what they were attached to. […] I estimate that it was only
another 15 minutes of being nailed to the cross that I finally knocked the first nail out of
my right wrist. I didn’t see any nail fall out. [Amanita muscaria | atypical hallucinogen |
#87567]

Similarly, the following experience with ayahuasca (a South American brew containing the seroton-
ergic psychedelic DMT) appears to involve visual, tactile, and nociceptive components:

I see snakes in the darkness, penetrating my body, searching for something. It is very
unpleasant. I feel sick. My whole body is in pain. I feel pain in each little part of my body.
[Ayahuasca | psychedelic | #89360]

4.2 Proprioceptive hallucinations
Proprioceptive hallucinations involve experiences of limbposition ormovement that are inaccurate or
even physiologically impossible. While such hallucinations are not widely documented in the clinical
and scientific literature, they are not uncommon in reports of drug-induced experiences:

The strange thing is that I feel my own body bending in weird shapes. [Psilocybin |
psychedelic | #29618]
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Throughout the entire experience, my body was bending in impossible ways. My legs
bent around as though there were many joints which made my leg bend any way I imag-
ined. [5-HO-DMT | psychedelic | #50335]

Common proprioceptive disturbances also include anomalous kinesthetic experiences, involving ei-
ther altered perception of self-motion, or wholly hallucinatory self-motion:

I then decided to go for a walk […]. Movement was very strange. It felt like I was not
reallymoving, but somehow continuously changing position with everything aroundme.
[…] I felt like I was not walking at all – as if my movement was a constant part of my
existence. [4-HO-DiPT | psychedelic | #31901]

Lying in bed […] I became aware of a figure holding a painting in front of me. I noticed
with annoyance that the picture was incomplete, so I reached over and picked up a pastel
from my desk, then colored in the blank spot on the paper. A moment later the image
vanished. It was at that point that I realized that I had never moved my arms from under
the blanket. [Trihexyphenidyl | deliriant | #76758]

4.3 Body image disturbances
Two long-term, global body representations are commonly distinguished in the philosophical and
empirical literature: the body schema, which represents enduring properties of the body for action,
and the body image, which underpins the perception of enduring properties of the body (Frederique
de Vignemont, 2010; Dijkerman & de Haan, 2007; Paillard, 1999). However, there is no consensus
on the precise definition of these two kinds of representation, whether they interact, and how.

Disturbances of the body image have been described as experienced distortions of the size, mass, spa-
tial configuration, and shape of the body or body parts (Lukianowicz, 1967). Pitron & de Vignemont
(2017) suggest that studying the impact of such disturbances on motor control may shed light on the
relationship between body image and body schema, but focus only on pathological cases. Broadening
the focus of this research program to drug-induced body image disturbances can provide a wealth of
additional evidence. Indeed, such disturbances are particularly commonwith dissociative anesthetics,
psychedelics, and κ-opioid dissociatives. I will focus here on five kinds of body image disturbances:
limb displacement or disconnection, changes in size and weight, splitting or stretching of the body
image, and metamorphosis.

Illusory displacement of limbs has been reported in some patients with parietal lesions, who feel as if
one of their limbswere detached from their body (Critchley, 1965). Similar experiences are commonly
reported after intoxication with dissociative anesthetics (at sub-anesthetic doses) and psychedelics:

I FELT (and not imagined) my body REALLY dismembered (i.e. the head kilometers
from the left arm, the legs other miles away, etc.) […]. [Ketamine | dissociative | #3282]

Limbs feel unconnected to body. […] As I walk, I realize that I don’t feel connected to
my legs, I’m just ‘floating’ along, above the ground. [Dextromethorphan | dissociative |
#1887]

My body parts were all over the place and I didn’t really know what part was what or
that they were connected. […] My body concept was like after coming out of a blender.
[Psilocybin | psychedelic | #113995]

When I was laying in bed my legs seemed really far away and I felt disconnected from
my body. [LSA | psychedelic | #14595]
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Another relatively common drug-induced disturbance of the body image is the so-called Alice in
Wonderland syndrome (AIWS), characterized by the experience of part or totality of the body as larger
(macrosomatognosia) or smaller (microsomatognosia) than it is. In the clinical literature, AIWS has
been mostly documented in patients suffering from migraine, infectious diseases, and brain lesions,
although there is also a handful of isolated case reports concerning drug-induced occurrences (see
Blom, 2016 for a review). However, there is no shortage of anecdotal reports of drug-induced AIWS,
particularly with psychedelics and dissociatives:

My body feels enormous. [The] body image feels bloated, enhanced, expanded. [Methox-
propamine | dissociative | #113720]

My sensations ofmy body are becoming distorted, like I am some huge, fat person. [DPT
| psychedelic | #9656]

I feel VERY large as I walk around my house. I feel like I do not fit. My hands also feel
very far from my body. [5-MeO-DMT | psychedelic | #17740]

I am shrinking […]. I would say I got about 10%-15% smaller. My hands, head, the
inside of my mouth, everything is smaller. [2C-C | psychedelic | #31896]

Other reports about psychedelics and dissociatives describe the distinct experience of the body or
body parts feeling heavier or lighter than they really are:

My legs seem heavy and the body appears heavier. […] I feel like I have to make a huge
effort to walk. [4-HO-MET | psychedelic | #92502]

I tried to liftmybody onto [the chair] but I was incredibly heavy, it felt like Iwas grappling
with unbearable weight. [Psilocybin | psychedelic | #110704]

All of a sudden my head felt like it weighed a ton and it fell back and slammed against
the wall. [It was] like my body weighed more than it could really hold up. [Ketamine |
dissociative | #32474]

My body felt amazingly light, and every movement I made felt effortless […]. [LSD |
psychedelic | #56890]

Salvia divinorum reliably induces unique disturbances of the body image (Maqueda et al., 2015). A
very common one involves feeling one’s body split in half, usually along the mid-line:

My body felt as if it was opening in two halves. [Salvia divinorum | κ-opioid dissociative
| #80543]

It was as if I was split in two […]. [Salvia divinorum | κ-opioid dissociative | #894]

Suddenly I felt half of my body split in half […]. [Salvia divinorum | κ-opioid dissociative
| #52763]

It also felt as if my head and body were being bisected, I was being split according to my
bilateral symmetry. [Salvia divinorum | κ-opioid dissociative | #52763]

My body felt cut in two along a vertical axis […]. It felt as if the rear half of my whole
body had merged with the rest of the world and as I stumbled to my feet it felt as if I
had to carry the weight of the world with me on my back. [Salvia divinorum | κ-opioid
dissociative | #43116]
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It was as if all of the universe had been split in two, with my body directly on the separa-
tion line. [Salvia divinorum | κ-opioid dissociative | #41292]

The corporeal sensation was of a force dividing my body in half […]. (Maqueda et al.,
2015, p. 12)

A very potent force split my body in two halves […]. (Maqueda et al., 2015, p. 12)

Interestingly, similar hallucinations have been observed in rare cases of migraine aura (Lippman,
1952; Podoll & Robinson, 2002), schizophrenia and epilepsy (Lukianowicz, 1967), and parietal le-
sions (Critchley, 1965).

Salvia divinorum also induces very characteristic multimodal hallucinations described as the experi-
ence of one’s body being stretched, compressed, or flattened by an invisible force, as if run over by a
steamroller, from feet to head:

The only term I could use to describe the next sensation is that I was steamrolled. […]
It was like something way bigger than me and weighing hundreds of tons, started at my
feet and rolled up over my entire body, transforming me as it went. [Salvia divinorum |
κ-opioid dissociative | #38234]

A giant, heavy steamroller-like cylinder was now rolling over me in the direction of my
toes to my head. […] At one point it was such a powerful crushing force that my whole
body felt like I had run into a brick wall at full speed, a sensation like I had been decked
in the face, except all over my body. [Salvia divinorum | κ-opioid dissociative | #42111]

My entire body felt like pins and needles […]. It felt like I was being put through some
kind of machine […]. My whole body […] was being forced through a very small space.
A steam roller of sorts. [Salvia divinorum | κ-opioid dissociative | #112812]

It felt like my body was run over by a steam roller, from the feet up. [Salvia divinorum |
κ-opioid dissociative | #31688]

Finally, many Salvia divinorum reports describe experiences of body metamorphosis. Unlike rare
cases of zoophilic metamorphosis described in schizophrenia (Lukianowicz, 1967), Salvia-induced
metamorphosis generally involves the hallucination that one’s body turns into, or merges with, an
inanimate object from one’s immediate environment (often after feeling physically drawn to it):

My hands blended into the bed as though beingmelted or fused into one thing. I became
the bed, and the bed became me. [Salvia divinorum | κ-opioid dissociative | #45765]

I felt a very deepmelting sensation. It was as if my legs had instantly become one with the
bed, and as such, I was melded in place. I could not move. [Salvia divinorum | κ-opioid
dissociative | #52823]

My face had merged with the walls in my room, I had become part of the room. [Salvia
divinorum | κ-opioid dissociative | #40612]

After being pulled for a minute or so, I realized where I was going. Into the couch, of
course. It didn’t feel like I was glued down, or stuck, or unable to move. It just felt like
I’d been pulled so far back into the couch that I was a part of it, we melted together and
were seamless in that moment. [Salvia divinorum | κ-opioid dissociative | #47541]
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It felt like something was pulling hard on my sleeve and left side. Pulling me down into
the couch which was now flattening out. I was becoming the couch […]. [Salvia divino-
rum | κ-opioid dissociative | #31398]

I found myself stumbling through the doorway, & attempting to walk down the stairs.
As I left the room, I found that the room & all its contents had attached itself to my body.
Each millimeter I would move would distort some other part of my surroundings, &
I tried to fix the distortion by moving back, but this would only cause more problems.
[…] With great physical effort I left the room, feeling as though I was dragging the entire
room with me, attached to my body, stretching like bungy cords. I was the room. [Salvia
divinorum | κ-opioid dissociative | #51367]

Building upon their analysis of AIWS, which appears to be associated with congruent distortions of
the body schema only in some cases, Pitron & de Vignemont (2017) argue that body image and body
schema are functionally distinct, yet can interact and reshape each other (see also Pitron, Alsmith,
& de Vignemont, 2018). Taken together, drug-induced body image disturbances may provide addi-
tional support for that view. Indeed, while a number of subjects explicitly emphasize that the relevant
disturbances did not impair their movements, others clearly describe congruent motor impairments.
This is consistent with the claim that transient changes in body image may cause transient changes in
body schema.

4.4 Vestibular hallucinations
The vestibular system is composed of semicircular canals and otolith organs; the former sense head
rotation in three orthogonal planes, while the latter sense linear head acceleration (caused by gravity
or self-motion) in three dimensions (Cullen, 2019). It is not only vital to stabilize gaze and pos-
ture, but also makes important contributions to the perception of self-motion and spatial orientation
(Lenggenhager & Lopez, 2015). Whether there is a distinctive vestibular sense is debated, in part
because vestibular signals are deeply integrated with proprioceptive and visual signals in everyday
life (Garzorz & Deroy, 2020). Nonetheless, some experiences clearly involve vestibular components,
such as sensations of acceleration and dizziness. Furthermore, vestibular disorders can cause a num-
ber of anomalous vestibular sensations (Lopez & Elzière, 2018). Some drugs, such as deliriants and
depressants, are used to treat vestibular disorders (Soto & Vega, 2010); others, however, can induce
vestibular hallucinations, particularly Salvia divinorum, dissociative anesthetics, and psychedelics. I
will focus on two types of vestibular hallucinations: otolithic vertigo involving the experience of tilting
or being pulled by a gravity-like force; and rotatory vertigo involving the experience of spinning.

The room tilt illusion is a transient disorder of the environmental visuospatial perception consisting
of rotation of the visual scene by 90° or 180° along the coronal or sagittal plane (Sierra-Hidalgo et al.,
2012). Related hallucinations are reported in drug-induced states, involving a 90° or 180° rotation of
sensed direction of gravity rather than of the visual scene itself:

I slid off the bed onto my (real) floor and found out that gravity was a really confusing
thing. The ceiling and the floor were now the walls in this room, the wall I was looking at
was the floor and the other wall was exerting this weird force-field on me, some part of
me actually knew it was called gravity but I didn’t really care anymore. [LSA | psychedelic
| #65209]

This phenomenon can be described as a form of otolithic vertigo, involving a static tilt of vertical point
(Brandt, 2001). Salvia divinorum commonly induces another form of otolithic vertigo, involving a
sensation of linear motion in a given direction, perceived as the pull of an irresistible force similar to
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gravity. It can be associated with lateropulsion, or irresistible lateral falls, also observed in patients
with acute caudal brainstem lesions, vestibular thalamic lesions, or vestibular cortex lesions (Brandt,
2003). In Salvia-induced experiences, these vestibular hallucinations may also involve a tactile com-
ponent:

It was being pulled, or rather it felt as though there was something on the sides of my
head, so I could only move it up and down or backwards and forwards but couldn’t turn.
[Salvia divinorum | κ-opioid dissociative | #10562]

It felt like the whole room was moving. And I was being pulled, not in any particular di-
rection, just being pulled. I could look at the room, and see that nothing wasmoving, but
I could feel it, kinda like riding in a car. […] My balance was very off. [Salvia divinorum
| κ-opioid dissociative | #11150]

I felt like a pulling… Like I was being pulled by certain parts of my body, I’d feel it on
my legs mostly like a line was wrapped around and being tugged on. [Salvia divinorum
| κ-opioid dissociative | #55769]

I immediately began to feel as if I was falling. I felt as if hands were on my shoulder
pulling me back towards the ground. [Salvia divinorum | κ-opioid dissociative | #35395]

Every cell inmy body startingwithmy hands andmoving progressively towardsmy torso
and then my hips and then my legs and then finally my head started pulling my down
into the seat of the car. [Salvia divinorum | κ-opioid dissociative | #55603]

Some psychoactive compounds can also induce rotatory vertigo, characterized by the vestibular sensa-
tion of spinning around. Alcohol intoxication is known to cause rotatory vertigo (Fetter, Haslwanter,
Bork, & Dichgans, 1999). Salvia divinorum does too, with the added complication that subjects often
report having trouble disambiguating self-motion from world-motion:

I felt like the world was turning with me. I felt aware of this, as if the gravity of the earth
was pushing my back into the ground and turning with me. My head felt as though it
were spinning around. [Salvia divinorum | κ-opioid dissociative | #15423]

I soon noticed an interesting spinning effect. I was not spinning, but something was
spinning through me and everything. […] The spinning motion I sensed earlier was
now all-encompassing. It was like there was a non-material sphere spinning violently.
And everything was part of it. [Salvia divinorum | κ-opioid dissociative | #81112]

[I] began to feel like I, or everything else, was spinning. [This] feeling became so intense
I stood up and started spinning down the hallway… [I] had to hold on to the frame of a
door to stop. [Salvia divinorum | κ-opioid dissociative | #16539]

4.5 Interoceptive hallucinations
Interoception refers to the perception of the body “from within”, including internal signals from the
cardiovascular, gastrointestinal, and respiratory systems (Craig, 2002; Seth & Tsakiris, 2018). Inte-
roceptive hallucinations of neurological origin are not very well documented, although they have
been reported to occur in paroxysmal neurological disorders such as epilepsy or migraine (Blom &
Sommer, 2012). By contrast, many anecdotal reports of drug-induced states describe interoceptive
hallucinations:
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I felt likemy organs insidemy bodywere being subtly pulled and stretched different ways,
and it was quite uncomfortable. [Salvia divinorum | κ-opioid dissociative | #62637]

I can feel gears moving. My organs spinning around my body. I can feel my blood pump-
ing through my veins. I can feel my heart slipping out from in between my lungs. [LSD
| psychedelic | #6828]

I can remember […] the feeling of a hole being opened up in my head. And a big drill
coming down into my head, cleansing the innards of my skull with great force. It felt like
a hole being opened up in my head, and somebody or something […] starting to clean
the very innards of my head. [Ayahuasca | psychedelic | #109514]

Thermal sensations are also commonly reported, and do not always match the external temperature
or the actual body temperature:

I am shivering now. I feel cold. […]Oral Temperature: 98.2 degrees F.The body’s a weird
thing. I feel freezing. [DPT | psychedelic | #9656]

Out in the street, I felt unusually warm and content despite the literally freezing temper-
atures at the time. [2C-T-7 | psychedelic | #5788]

5 Bodily deficits
Aside from distorting bodily experience and producing bodily hallucinations in the absence of sen-
sory input, psychoactive compounds can also inhibit various aspects of ordinary bodily experience.
In this section, I will review four types of bodily deficits: deficits related to touch, proprioception, or
body image; deficits of motor control and agency; loss of the sense of bodily ownership; and complete
loss of bodily awareness.

5.1 Tactile, proprioceptive, and body image deficits
Ordinary bodily sensations carry two kinds of spatial content, respectively conveying information
about (a) the body part in which the sensation occurs, independently of posture; and (b) its posture-
dependent location relatively to the trunk (Bermúdez, 2005 calls the former A-location, and the latter
B-location). In some drug-induced states, tactile sensations can lack either kind of spatial content,
such that it becomes difficult to determine from touch alone in which body part, or at which posture-
relative location, the sensation occurs:

I could feel pressure from parts of my body against the chair: heel, heel, knee, knee,
elbow, elbow, but I could not discern which sensation was coming from which body
part. I brought my hands together and interlocked my fingers. I could feel a sensation
from each hand, but I couldn’t tell which sensation was coming from which hand, and I
couldn’t tell they were touching each other. [αMT | empathogen |#67674]

I couldn’t tell which hand I had things in unless I looked at my hands. [5-MeO-αMT |
empathogen | #22996]

The feeling of “falling back to my body” was extremely strange. All my sensations had
no location attached to them. [Psilocybin | psychedelic | #113995]

I would press my fingers into the desk, and I perceived the resistance between my fingers
and the desk as something that wasn’t happening in Euclidean space. It had no location.
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It was just a feeling. There was no direction, no distance, nothing, just the sensation of
pressure. [Psilocybin | psychedelic | #92246]

Some of these reports are reminiscent of autotopagnosia, a disorder characterized by the inability
to localize body parts or identify one’s posture (Schwoebel, Coslett, & Buxbaum, 2001). Similarly,
Salvia divinorum frequently disrupts the perception of limb position, such that subjects can no longer
determine their posture from proprioception:

I can’t tell if I’m standing or sitting or laying down. […] I know I have an arm, I just don’t
know if it’s to my left, right, above, below, in front, or behind me. It’s ‘there’ but I can’t
tell where it attaches to my body. [Salvia divinorum | κ-opioid dissociative | #31488]

When I got into a sitting position, I was unsure if I was in a sitting or laying down posi-
tion, so uncertain was I that I repeatedly had to ask, “Am I sitting up yet or am I laying
down?” I could not tell if I was sitting up or lying down […]. [Salvia divinorum | κ-opioid
dissociative | #51866]

Self-touch normally involves the so-called “touchant-touché” phenomenon, whereby the tactile sen-
sation of the touching limb coincides with the tactile sensation of the touched limb (Merleau-Ponty,
1968; Schütz-Bosbach, Musil, & Haggard, 2009). Interestingly, some drugs can disrupt this phe-
nomenon, inhibiting one or the other tactile sensation during self-touch:

Although I had the sense of touch, my sensation of being touched was not existent any-
more! I was touching my arm and although I could feel how my arm feels, I could not
feel the touch of my other hand! It was exactly like I was touching a third person! I
started experimenting with my head, my lips, my cheeks, my legs and it was all the same!
[MDMA | emphathogen |#105895]

When I ran my fingers across my stomach, or knees, or face, what I felt was utter alien-
ness, something entirely new. That feeling you get; that link between your nerves in your
fingers and whatever part of you you’re touching, was completely gone. When I touched
my neck, shoulder, or side, I was completely unaware of its connection to the very hand
I touched it with, for this I could no longer feel. [psilocybin | psychedelic | #12395]

Finally, dissociative anesthetics like ketamine can also produce body image deficits in which subjects
are unable to perceive specific body parts, or lose their sense of bodily boundaries (Millière, 2017):

I felt like parts of my body were missing. My hands seemed to be disconnected from my
arms, or I was no longer aware of anything between my hands and shoulders. [Ketamine
| dissociative | #78894]

I had no feeling of the boundary of my body, I had no sense of where I was […]. [Ke-
tamine | dissociative | #77765]

When I had my eyes closed I was unable to determine where my body ended and where
the outside universe began […]. [Ketamine | dissociative | #19628]

5.2 Motor control deficits
Motor deficits are also common with a number of psychoactive compounds, including dissociative
anesthetics and psychedelics. These deficits involve various forms of ataxia, or lack of voluntary coor-
dination of muscle movements, including hypermetria (overshoot of the intended position of a limb,
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Hore, Wild, & Diener, 1991), and can be associated with a loss of the sense of agency over one’s bodily
movements (Haggard, 2017):

My motor coordination was shot. It felt as if my mind had actually been removed from
my body and put into a new one and I was slowly learning how to walk and control my
body. [Dextromethorphan | dissociative | #37045]

I found it very difficult to walk, and my perceptions were getting altered, when I tried to
move a limb it was extremely exaggerated. For example, I remember once I was holding
a cigarette, and moved my arm to take a drag. I could not judge how much I was moving
my arm and I swung the cig into the air and it fell on the ground next to me. When
I reached down to pick it up, my hand slammed into the ground. [LSD | psychedelic |
#42715]

It felt as though I wasn’t really controlling my body movements. […] Although I had
control of my body it felt as though someone else did. [Methoxetamine | dissociative |
#94887]

5.3 Loss of bodily ownership
It is widely believed that bodily awareness is intimately tied to a form of self-awareness: in having
bodily sensations, we are normally aware of our body not just as any other object in the world, but as
our own – what has come to be known as the sense of bodily ownership (Frédérique de Vignemont,
2007, forthcoming; Martin, 1995). There is an ongoing debate about whether there is a distinctive phe-
nomenology of bodily ownership, whether the sense of ownership can be reduced to spatial, agentive,
or affective qualities of bodily sensations, or whether it is simply a matter of doxastic attitudes (Al-
smith, 2015; Bermúdez, 2015; Frédérique de Vignemont, 2013, 2018; Gallagher, 2017). Proponents
of the existence of a phenomenology of bodily ownership rely on arguments from phenomenal con-
trast, comparing ordinary bodily experience to conditions inwhich the sense of ownership is allegedly
missing (Frédérique de Vignemont, 2020b). However, such arguments mostly focus on pathological
conditions, such as somatoparaphrenia and depersonalization. Once again, broadening the focus of
this discussion to drug-induced states might prove illuminating.

Many reports concerning psychedelics, dissociative anesthetic, and Salvia divinorum describe the
experience of feeling as if one’s body or body parts were no longer one’s own:

I look at my arm, and I feel it’s not part of “myself.” I attempt to pull my skin off, but not
in a deliberately hard or violent way. […] As I tugged on my skin, I did feel [a] sensation,
yet I still felt that it wasn’t “me.” Me was lost. [LSD | psychedelic | #97287]

I run my hands over my body and both my hands and body parts feel weird, and discon-
nected – they do not feel like me. [Ketamine | dissociative | #14967]

I was aware of ‘my’ body, but in a different way […]. It was something like my ‘I’ was
floating in the body, seeing through the eyes in that unusual way… but there wasn’t the
normal sense of being the body. [Salvia divinorum | κ-opioid dissociative | #2160]

I looked down at my feet stretched out in front of me, and suddenly, I could not tell if my
feet were indeed my feet or if they were my hands. I kept asking, “Are those my arms?”
I was completely confused over what were my arms and what were my legs. […] Then,
I became confused over the legs sprawled out in front of me (my own legs), and kept
asking things like “Whose legs are those?”, “Are those my legs?” “Are those my legs or my
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arms?” I then began slapping my foot and asking, “Whose foot is that? Why is that hand
slapping that foot?” [Salvia divinorum | κ-opioid dissociative | #51866]

As with pathological conditions, there is room for disagreement on the interpretation of the experi-
ences described in these and other similar reports. Instead of lacking the phenomenology of bodily
ownership that allegedly pervades ordinary bodily experience, they might lack some other feature;
or they might involve an additional anomalous sensation of alienation towards one’s body. In any
case, reports of drug-induced bodily disownership deserve careful consideration in debates about the
sense of bodily ownership.5

5.4 Loss of bodily awareness
The most extreme bodily deficit that can be induced by psychoactive compounds is none other than
the complete cessation of bodily experience. This phenomenon has been reported after adminis-
tration of various compounds (Millière, Carhart-Harris, Roseman, Trautwein, & Berkovich-Ohana,
2018), including 5-MeO-DMT (Millière, 2020), and DMT in a controlled setting (Timmermann et
al., 2019). Anecdotal reports of cessation of bodily awareness abound:

I couldn’t feel my body but I could still technically ‘see’ and had a field of vision. I wasn’t
exactly physically high since I had no physical body, my consciousness was condensed
to my field of vision […]. [DMT | psychedelic | #92052]

I completely forgot I had a body. [Later] I could suddenly feel sensation coming back
into my arms. Around this time my brain goes “Holy shit! How could you forget you
belong to a body?” My arms started grasping atmy legs that I still couldn’t feel but I knew
they were there because my arms could feel them. Over the next minute sensation came
back to the rest of my body and I realized for the first time that my eyes were shut. Before
now, it was like I had no eyes. [DMT | psychedelic | #112599]

I could not feelmy body, andwithmy eyes closed I was no longer aware ofmy body ormy
room or the bed I was on […]. Only when I opened my eyes could I see how contorted
my body was, I was in a very uncomfortable position withmy arms both behindmy back
and head, on my side, but I simply couldn’t feel any of that and barely had the ability to
move myself. [4-AcO-DMT | psychedelic | #110557]

I had no sense of a physical presence at this point. I couldn’t see or even feel my body. I
didn’t even know I had a body. [Salvia divinorum | κ-opioid dissociative | #57217]

I didn’t feel myself breathing. I couldn’t feel my body – I didn’t have a body. [Dextro-
morphan | dissociative | #109773]

Drug-induced cessation of bodily awareness is a counter-example to the claim that bodily awareness is
a ubiquitous feature of conscious experience (Gurwitsch, 1953/2010, p. 515; James, 1890, p. 242). This
claim is also undermined by the occurrence of dreams that completely lack bodily sensations or the
representation of a dream body (Cicogna & Bosinelli, 2001; LaBerge & DeGracia, 2000; Occhionero
& Cicogna, 2011); however, reports of drug-induced cases can be richer in detail and thus potentially
more compelling.

5See Millière (forthcoming) for a more in-depth discussion of drug-induced bodily disownership.

15



6 Conclusion
Drug-induced alterations of bodily awareness are remarkably diverse across the pharmacological spec-
trum of psychoactive compounds. Some molecules, such as Salvironin A, cause unique bodily effects
that have not been well-documented thus far. A number of drug-induced bodily experiences, hallu-
cinations, and deficits are particularly relevant to ongoing discussions in philosophy and cognitive
science, including issues regarding the nature of pain, the relationship between body image and body
schema, and the existence of a phenomenology of bodily ownership. Further investigation of the bod-
ily effects and underlyingmechanisms of various psychoactivemolecules has the potential to improve
our understanding of various features of bodily experience, as well as our cognitive ontology of bod-
ily representations. Future research could test hypotheses prompted by quantitative and qualitative
analysis of anecdotal reports in controlled laboratory studies.6
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