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Abstract

Rationale—Although psilocybin and dextromethorphan (DXM) are hallucinogens, they have 

different receptor mechanisms of action and have not been directly compared.

Objective—This study compared subjective, behavioral and physiological effects of psilocybin 

and dextromethorphan under conditions that minimized expectancy effects.

Methods—Single, acute oral doses of psilocybin (10, 20, 30 mg/70kg), DXM (400 mg/70kg), 

and placebo were administered under double-blind conditions to 20 healthy participants with 

histories of hallucinogen use. Instructions to participants and staff minimized expectancy effects. 

Various subjective, behavioral, and physiological effects were assessed after drug administration.

Results—High doses of both drugs produced similar increases in participant ratings of peak 

overall drug effect strength, with similar times to maximal effect and time-course. Psilocybin 
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produced orderly dose-related increases on most participant-rated subjective measures previously 

shown sensitive to hallucinogens. DXM produced increases on most of these same measures. 

However the high dose of psilocybin produced significantly greater and more diverse visual effects 

than DXM including greater movement and more frequent, brighter, distinctive, and complex 

(including textured and kaleidoscopic) images and visions. Compared to DXM, psilocybin also 

produced significantly greater mystical-type and psychologically insightful experiences, and 

greater absorption in music. In contrast, DXM produced larger effects than psilocybin on measures 

of disembodiment, nausea/emesis, and lightheadedness. Both drugs increased systolic blood 

pressure, heart rate, and pupil dilation, and decreased psychomotor performance and balance.

Conclusions—Psilocybin and DXM produced similar profiles of subjective experiences, with 

psilocybin producing relatively greater visual, mystical-type, insightful, and musical experiences, 

and DXM producing greater disembodiment.
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Introduction

Classic and atypical hallucinogens are a chemically and mechanistically diverse group of 

compounds that produce unique changes in thoughts, perceptions, and emotions, often 

including alterations in the perception of reality and meaning (MacLean et al. 2015). In the 

general population, use of hallucinogens, as a broad class has been relatively stable over the 

past decade, with lifetime use of 18.6% among young adults in 2015 (SAMHSA 2015, 

2016).

Psilocybin and psilocin are the principal psychoactive components in Psilocybe mushrooms 

(Tyls et al. 2014). After oral or intravenous administration, psilocybin is rapidly metabolized 

to psilocin (Hasler et al. 1997; Brown et al. 2017). Similar to other classic hallucinogens (d-

lysergic acid [LSD], mescaline, and N,N-dimethyltryptamine [DMT]), psilocin effects are 

primarily mediated via serotonin (5-HT) receptors, predominantly the 5-HT2A receptor as 

well as 5-HT1A and 5-HT 2C receptors (Nichols 2016; Rickli et al. 2016). Extensive clinical 

studies dating back to the 1950s have characterized the acute subjective, cognitive, and 

physiological effects of psilocybin (Tyls et al. 2014; Passie et al. 2002; Vollenweider et al. 

1998; Halser et al. 2004; Griffiths et al. 2006, 2011).

Dextromethorphan (DXM) and its metabolite dextrorphan are noncompetitive NMDA (N-

methyl-D-aspartic acid) receptor antagonists with other diverse pharmacological actions 

including interactions at serotonin transporters, 5-HT1B/1D receptors, noradrenaline 

transporters, and sigma-1 receptors (Nguyen et al. 2016; Taylor et al. 2016). DXM is widely 

available as an over-the-counter medication commonly used as a cough suppressant at doses 

of about 30 mg (e.g. Robitussin®). However, DXM is also sometimes used at high doses 

(e.g., ≥300 mg) as an atypical hallucinogen (Banken and Foster 2008; Morris and Wallach 

2014) similar to the more commonly known dissociative anesthetics ketamine and 

phencyclidine, which are also NMDA antagonists.
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Recent studies suggest that similarities in the perceptual, cognitive, and mood altering 

effects of classic hallucinogens and dissociative anesthetic hallucinogens may involve 

underlying common mechanisms of action including interactions of serotonergic and 

glutamatergic neurotransmitter systems (Aghajanian and Marek 1999; Fantegrossi et al. 

2008; Nichols 2004; Vollenweider and Kometer 2010). For example, preclinical research 

suggests that group II metabotropic glutamate receptors (mGluR2/3) may be potential 

indirect target sites for mediating hallucinogenic effects for both classic and dissociative 

anesthetic hallucinogens, where mGlurR2/3 antagonists potentiate such effects (Gonzalez-

Maeso et al. 2007, 2008; Delille et al. 2012; Moreno et al. 2011; Carbonaro et al. 2015; 

Fribourg et al. 2011; Winter et al. 2004, Winter 2009).

Consistent with a possible shared mechanism of action and with the classification of 

psilocybin and DXM as hallucinogens, a recent laboratory study (Reissig et al. 2012) 

showed that high doses of DXM in the range commonly producing hallucinogenic effects 

(≥400 mg/70 kg) produced a profile of subjective effects similar to those produced by 

psilocybin in other studies (Griffiths et al. 2006, 2011). Although no studies have directly 

compared the subjective experiences of psilocybin and DXM, one double-blind study 

comparing intravenous DMT and ketamine (Gouzoulis-Mayfrank et al. 2005) and several 

non-blinded comparisons between oral or intravenous psilocybin and intravenous ketamine 

(Studerus et al. 2012; Schmidt et al. 2013; Schartner et al. 2017) suggest greater visual 

effects after the classic hallucinogens than after ketamine, but greater experiences of 

disembodiment or catatonia-like signs after ketamine.

The aim of the present study was to directly compare the effects of psilocybin and DXM in 

the same participants. Single acute doses of DXM (400 mg/70 kg), psilocybin (10, 20, and 

30 mg/70 kg), and placebo were administered to 20 hallucinogen-experienced volunteers 

under double-blind conditions. A range of participant-rated, behavioral, and physiological 

outcome measures were examined with particular attention given to assessing measures 

reflecting alterations in subjective experience. Because the effects of hallucinogens are 

strongly influenced by participant expectations (Griffiths et al. 2006; Metzner et al.1965; 

Preller and Vollenweider 2016) procedures and instructions to participants and staff were 

designed to minimize such effects. To reduce variability of results that might occur because 

of differing histories of drug use, only participants with histories of use of both classic 

hallucinogens and dissociative hallucinogens were enrolled.

Methods

Participants

The study was approved by the Institutional Review Board of the Johns Hopkins University 

School of Medicine. Participants gave their written informed consent before beginning the 

study procedures and were paid for their participation. Thirty-nine potential participants 

were screened. One dropped out of the study for personal reasons after completing the first 

session. The 20 participants who completed the study (11 females) had a mean age of 28.5 

years (range = 22–43 years). All were medically and psychologically healthy and had a 

history of psychedelic drug use, both use of classic hallucinogens (mean = 60.9 uses; range 

16–183) and dissociative anesthetic hallucinogens (mean = 19.0; range = 1–154). Nineteen 
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participants were Caucasian (95%) and one was Asian American. Half of the participants 

had a bachelor’s degree or higher, 20% had an Associate’s degree, and 30% had a high 

school diploma as their highest level of education. The majority of participants (65%) were 

never married, 20% were married or living with their partner, and 15% were divorced or 

separated.

Individuals were excluded from participation if they had a history of substance dependence 

according to DSM-IV-TR criteria (excluding nicotine and caffeine), were pregnant or 

nursing, had a current significant medical condition. A detailed psychiatric history was taken 

during the screening interview to exclude individuals with a personal or immediate family 

history of schizophrenia, bipolar affective disorder, delusional disorder, paranoid disorder, or 

schizoaffective disorder.

General procedures

Throughout the study, general safety guidelines applicable to the study of high doses classic 

hallucinogens were observed (Johnson et al. 2008). Sessions took place in an esthetic living 

room-like environment. For most of the time during the sessions, participants were 

instructed to lie down on a couch while wearing an eyeshade and headphones through which 

a program of classical and world music was played. Participants were encouraged to focus 

their attention on their inner experiences while not engaged in experimental tasks.

After completing screening, eligible individuals participated in five experimental sessions 

lasting about 7 h each and, a final follow-up session. Sessions were separated by at least 48 

h, but usually by about a week.

To minimize expectancy effects, participants were informed both verbally and in the consent 

form that during the study, they could receive placebo or doses of 38 psychoactive drugs 

from a variety of drug classes. Psilocybin and DXM were among the drugs listed. 

Participants were told that in at least one session they would receive a hallucinogen from the 

list, either a classic hallucinogen or a dissociative anesthetic hallucinogen. Staff monitoring 

drug sessions received identical instructions, with the only exception being that one of the 10 

monitors was not blind to the drugs received during the experimental design; however, this 

monitor remained blinded to the order of drug conditions.

The participant met with their session monitors on two occasions before the first drug 

session (about 8 h total meeting time). The purpose of the meetings was to develop rapport 

and trust with participants and minimize the risk of adverse drug reactions (Johnson et al. 

2008). During these meetings, participants also practiced the experimental tasks. Participants 

also met with their session monitors one to two days after each experimental session either 

in-person or over the telephone, as well as a one-week follow-up (in-person) after the fifth 

session.

Participants were instructed that on experimental session mornings, they should consume 

low-fat breakfast and their usual amount of caffeine before arriving at the laboratory. They 

were told to refrain from using any drugs other than non-psychoactive non-prescription 

analgesic, tobacco, and caffeinated products while enrolled in the study. On each session 
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before drug administration, all participants’ urine was tested for a panel of commonly 

abused drugs, and female participants’ urine was tested for pregnancy. Negative results were 

required to proceed.

Various measures were assessed before capsule administration, repeatedly after 

administration, and about 7 h after capsule administration when acute drug effects had 

resolved, as described below.

During the study, participants received psilocybin (10, 20, and 30 mg/70 kg), 

dextromethorphan HBr (400 mg/70 kg expressed as the base), and placebo (lactose or 

microcrystalline cellulose) using a within-subject, crossover design. The sequence of drug 

conditions was balanced across participants and the assignment to sequence was 

randomized. At the one-month follow-up session, participants received 25 mg/70kg DXM to 

assess metabolism. Drug and placebo doses were prepared in identically appearing opaque, 

size 0 gelatin capsules, with lactose or microcrystalline cellulose as the inactive capsule 

filler. On each session, two capsules were administered with approximately 100 ml water.

Measures assessed during the session

Blood pressure, heart rate, and pupil diameter—Blood pressure and heart rate were 

assessed with a blood pressure cuff place on the arm (Non-Invasive Patient Monitor Model 

507E; Criticare Systems, Inc., Waukesha, WI, USA). These assessments occurred 

approximately ten minutes before and 30, 60, 90, 120, 180, 240, 300, and 360 minutes after 

capsule administration. Pupil diameter was measured using a pupilometer (VIP-200 

Pupilometer, Neuroptics Inc., Irvine, CA Duke et al. 2011) at 120, 240, and 360 minutes 

after capsule administration.

Monitor Rating Questionnaire—At the same time points at which the physiological 

measures were obtained, the two session monitors completed the Monitor Rating 

Questionnaire, which involved rating or scoring several dimensions of the participant’s 

behavior or mood. The dimensions that are expressed as peak scores in Table 1, were rated 

on a five-point scale from 0 to 4. Data were the mean of the two monitors rating at each time 

point.

Circular Lights and Balance—These behavioral tasks were completed before capsule 

administration and at 120, 240, and 360 min after administration. The Circular Lights task is 

a hand-eye coordination task (Mumford et al. 1995). The score was the number of correct 

presses (i.e., lights extinguished) in 60 s. The balance task (Carter et al. 2006) involved 

balancing on one foot with eyes closed. The score was the number of seconds summed 

across both feet (60 s total).

Subjective Effects Questionnaire—Participants completed this questionnaire before 

capsule administration and 60, 120, 180, 240, 300, 360, and approximately 480 minutes after 

capsule administration. It consisted of 19 items (e.g., “overall drug effect”, “light-headed/

dizzy”). Participants were instructed to rate how they felt at the current time on a scale from 

0 (none) to 10 (strongest imaginable).
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Measures assessed at the end of the session, approximately 7 hours after capsule 
administration

Drug Effect Intensity Rating—Participants were asked to rate the overall drug effect (at 

peak intensity). This item was rated on a five point scale: 0 = not at all; 1 = slightly; 2 = 

moderately; 3 = very much; 4 = extremely.

Altered States of Consciousness (5D-ASC)—This questionnaire assesses drug- and 

non-drug altered states of consciousness (Dittrich 1998). Ninety-four items were rated using 

a visual analogue scale from 0 – 100. Eleven subscales (Studerus et al. 2010, with English 

translation by Hasler and Cahn), expressed as a percent of maximum possible score, were 

scored.

States of consciousness questionnaire—This 100-item questionnaire assessing 

possible hallucinogen experience content (Griffiths et al. 2006). Thirty items comprise the 

Mystical Experience Questionnaire (MEQ30), which were shown sensitive to several classic 

hallucinogens including psilocybin (MacLean et al. 2012; Barrett et al. 2015; Barrett and 

Griffiths 2017). These items assess four domains of mystical experiences: Mystical, Positive 

mood, Transcendence of time and space, and Ineffability. Data on each scale were expressed 

as a percentage of the maximum possible score. As in previous studies (Griffiths et al. 

2006), criteria for designating a volunteer as having had a “complete” mystical experience 

were that scores on each of the scales had to be at least 60%. Because visual effects and the 

emotional significance of music are commonly reported to occur after psilocybin, 3 

individual items were also analyzed separately (see Table 5). The remaining 67 items served 

as distracters.

Mysticism scale—This 32-item questionnaire which was developed to assess naturally 

occurring primary mystical experiences has been extensively studied, shows cross-cultural 

generalizability (Hood et al. 2009), and has previously been shown sensitive to psilocybin 

(Griffiths et al. 2006) and DXM (Reissig et al. 2012). Items were rated on a nine-point scale. 

Participants were instructed to complete the questionnaire with reference to their 

experiences since they received the capsules that morning.

Psychological Insight Questionnaire—This 37-item questionnaire (available upon 

request) is comprised of questions that probe psychological insights into emotions, beliefs, 

memories, and relationships that the participant may have had during the drug experience.

Challenging Experience Questionnaire—This 27-item questionnaire is comprised of 

items from the HRS, SOCQ, and 5D-ASC relating to challenging experiences of 

hallucinogen experiences. Seven subscales and a total score were expressed as percentage of 

maximum possible scores (Barrett et al. 2016).

Hallucinogen rating scale (HRS)—This questionnaire consists of six subscales 

assessing hallucinogen effects (intensity, somaesthesia, affect, perception, cognition, and 

volition) (Strassman et al. 1994). Both psilocybin and DXM have been shown to produce 

dose-related increases on all six subscales of the HRS (Griffiths et al. 2011; Reissig et al. 
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2012). Because salient visual effects are commonly reported to occur after psilocybin, 12 

individual HRS items describing various visual effects were also analyzed separately.

Pharmacological class questionnaire—This questionnaire, modified from Reissig et 

al. (2012), listed descriptive titles and examples of 14 classes of psychoactive drugs (see 

Online Supplementary Table 1 for details). Participants were first instructed to choose the 

single drug class that most closely represented the drug effect that they experienced during 

the session. Then participants completed a series of visual analog scales rating how similar 

that day’s drug effect was to specific drugs from the previously identified drug classes. For 

example, participants were asked to rate how much did today’s drug effect felt like a classic 

hallucinogen (e.g., LSD, psilocybin, ayahuasca, mescaline, etc.). Participants were required 

to click a location along a 100-point line anchored on opposite ends with the labels “no, not 

at all” and “yes, very much.”

Other measures assessed after completion of all drug sessions

Phenotyping of DXM metabolism—Approximately 1 month after the final drug/

placebo session, participants returned to the research facility for an 8-h session to permit 

phenotyping of CYP2D6 metabolizer status. A very low, oral dose of DXM was 

administered (25 mg/70 kg), and an 8-h total urine collection was performed according to 

previously described procedures (Schmid et al. 1985) to identify poor metabolizers of DXM 

(Vengurlekar et al. 2002).

Other measures—Several cognitive performance and abuse liability measures were also 

assessed during and after sessions. These results will be reported separately.

Data Analysis

Circular Lights and Balance tasks were scored as “0” if a volunteer was too impaired to 
complete the task

For time-course data, planned comparison t tests were conducted between placebo and active 

doses at each time point. Data were analyzed with IBM SPSS Statistics (IBM Corporation, 

Armonk, NY). Repeated measures ANOVAs were used. For Subjective Effects 

Questionnaire items, monitor ratings, cardiovascular, and pupil diameter measures, peak 

effects were defined as the maximum value observed after drug administration for each 

participant. For Circular Lights and Balance, peak effects were defined as the minimum 

value after drug administration. For all the peak effect and end of session measures, Fisher’s 

LSD post hoc tests were used to compare drug conditions. Statistical tests were considered 

significant at p≤0.05. Rates of endorsements for the Pharmacological Class Questionnaire 

were analyzed. For analysis of dichotomous responses for the occurrence of complete 

mystical experiences and emesis and for endorsement of various drug or drug class options 

on the Pharmacological Class Questionnaire, Cochran’s Q, a non-parametric, binary 

repeated measures test, was conducted with a factor of Drug Condition (placebo, 10, 20, and 

30 mg/70 kg psilocybin, and DXM). Planned comparisons among placebo, 30 mg/70 kg 

psilocybin and DXM were conducted using McNemar’s test.
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One of the 10 guides was not blind to the range of possible drug conditions in the study. 

Therefore, the analyses of the Monitor Rating Questionnaire described above was repeated 

excluding ratings from this monitor. Because there were only a few minor differences in the 

statistical significance, the data presented are from all monitor ratings.

Results

Time-course of drug effects

Psilocybin produced orderly dose- and time-related effects. The 400 mg/70 kg DXM also 

produced orderly time-dependent effects. Figure 1 shows illustrative time-course data for 

participant and monitor ratings of drug effect. On most subjective, behavioral, and 

physiological measures, the time course of DXM was similar to that of the high psilocybin 

doses, with an exception that DXM produced greater and longer lasting effects on the 

Balance Task. At doses that produced significant effects, the effects were generally 

significant by the 2-h time point, with maximal effects occurring at 2 to 4 h, and effects 

decreasing at the 6-h time point.

Measures assessed during the session

Blood pressure, heart rate, and pupil diameter—Peak maximum effects on 

physiological measures are shown in Table 1. DXM and all three doses of psilocybin 

produced significant increases in systolic blood pressure, heart rate, and pupil diameter, but 

not diastolic blood pressure.

Circular Lights and Balance—Both DXM and psilocybin decreased peak performance 

on the Circular Lights and Balance Tasks (Table 1), with psilocybin generally producing 

dose-related effects. DXM produced significantly larger decreases than all doses of 

psilocybin on the Balance Task.

Peak monitor ratings—On those ratings affected by psilocybin, effects generally 

increased with dose (Table 1). Both psilocybin and DXM increased peak monitor ratings of 

overall drug effect, restlessness/fidgety, peace/harmony, joy/intense happiness, and nausea/

vomiting, with the high dose of psilocybin producing significantly greater effects than DXM 

on joy/intense happiness, and DXM producing greater effects than all doses of psilocybin on 

nausea/vomiting. Psilocybin, but not DXM produced an increase in yawning and tearing/

crying compared to placebo, with significant differences between the high doses of 

psilocybin vs. DXM. There were no significant effects of either psilocybin or DXM on the 

other monitor rated dimensions (Table 1). Compared to placebo, both psilocybin and DXM 

decreased the total minutes of sleep during the session, with no differences between 

psilocybin doses and DXM (28.5 minutes after placebo vs. a mean of 2.1 minutes of sleep 

after the four drug conditions).

Peak participant ratings of subjective effects and somatic symptoms—With the 

single exception of ratings of physically comfortable, both drugs increased peak participant 

ratings (Table 2). Psilocybin effects generally increased with dose. DXM was not 

significantly different from the high dose of psilocybin, with the exceptions that psilocybin 
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ratings were higher for visual effects and absorption in listening to the music, while DXM 

ratings were higher for light-headed/dizzy.

Nausea/emesis during the session—No participant vomited after receiving placebo, 

10, or 20 mg/70 kg psilocybin. Two of the 20 participants (10%) vomited after receiving 30 

mg/70 kg psilocybin, and 11 (55%) vomited after receiving 400 mg/ 70 kg DXM. The 

incidence of emesis after DXM was significantly higher than both placebo (p = .001) and the 

high dose of psilocybin (p = .022). Monitor and participant ratings of nausea/vomiting and 

queasy/sick to stomach, respectively, were significantly higher after DXM than all doses of 

psilocybin, with one exception (30 mg/70 kg, participant rating)(Tables 1 and 2). Although 

incomplete drug absorption after vomiting cannot be ruled out, vomiting typically occurred 

90 min or longer after capsule administration, making it unlikely that significant amounts of 

DXM or psilocybin were purged before being absorbed. Of the participants that did vomit, 

none vomited on more than one drug administration session.

Participant rated measures assessed 7 h after drug administration—Tables 3, 4, 

and 5 show participant ratings measures on seven questionnaires and 15 specific items 

completed 7 h after drug administration. These results generally show significant and orderly 

dose-related increases after psilocybin and significant increases after DXM. Ratings of drug 

effect intensity (Table 3) did not differ between DXM and the high doses of psilocybin 

suggesting that the overall perceived strength of drug effects were similar. Likewise, DXM 

did not differ from the high doses of psilocybin on measure of impaired cognition and 

control, anxiety, elementary imagery, audiovisual synesthesia, and the total score and most 

of the subscales of the Challenging Experience Questionnaire.

However, the 30 mg/70 kg dose of psilocybin (and often 20 mg/70 kg dose) produced 

significantly greater effects than DXM on 6 of 11 subscales of the 5D-ASC, 4 of 6 subscales 

of the HRS (Table 3), the total score and most of the subscale scores on the Mystical 

Experience Questionnaire, total score and all subscales of the Mysticism Scale, total score 

on the Psychological Insight Questionnaires (Table 4), and 11 of 15 visual effects and music 

significance items (Table 5). Notably, DXM produced significantly greater increases on the 

Disembodiment Scale of the 5D-ASC than each of the psilocybin doses. The orderly 

psilocybin dose effects and differences between psilocybin and DXM on the subscales of the 

5D-ASC are presented in Fig. 2.

The proportion of volunteers who met a priori criteria for having had a “complete” mystical 

experience on the MEQ30 was: 0%, 0%, 20%, 40%, and 0% after placebo, 10, 20, and 30 

mg/70 kg psilocybin, and DXM, respectively. The incidence of complete mystical 

experience after the 30 mg/70 kg psilocybin dose is significantly greater than after placebo, 

10 mg/kg/70 kg psilocybin, and DXM.

On the Pharmacological Class Questionnaire, when participants were required to choose the 

single drug class best representing the drug effect they experienced that session, most 

participants (70% 14 of 20) chose Placebo after receiving placebo, with 25% participants 

selecting Sedative-hypnotic/Muscle relaxant/Anti-anxiety medication, and 5% selecting 

MDMA. Most volunteers chose Classic hallucinogen (e.g., like LSD, psilocybin, DMT, and 
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mescaline) after receiving psilocybin, with 85%, 80%, and 90% choosing this drug class at 

10, 20, and 30 mg/70 kg psilocybin, respectively. Sixty percent of participants chose 

Dissociative anesthetic hallucinogen after receiving DXM, with 10% selecting Classic 

hallucinogen, 10% selecting MDMA, 5% selecting Sedative-hypnotic/Muscle relaxant/Anti-

anxiety, and 15% indicating that they did not know. Participant ratings of the degree of 

similarity of drug session experiences to the 14 possible drugs or drug classes are presented 

in Online Supplementary Table 1. Psilocybin doses were rated as 75%, 83% and 90% similar 

to the Classic hallucinogen class at 10, 20 and 30 mg/70 kg, respectively. Ratings of these 

doses as similar to the Dissociative anesthetic hallucinogen were 11%, 21%, and 15%, 

respectively. DXM, in contrast was rated as 65% similar to the Dissociative class, 28% 

similar to the Classic hallucinogen class, and 27% similar to an unidentified “Other” class.

Phenotyping of DXM metabolism—Of the 20 participants assessed for CYP2D6 status, 

one was a poor metabolizer. Inspection of results across a range of measure suggested no 

obvious difference in data from this participant.

Discussion

The present study provided the first within-subject comparison of psilocybin and 

dextromethorphan, and under conditions designed to minimize participant and staff 

expectancy effects. High doses of both drugs produced similar increases in participant 

ratings of peak overall drug effect strength, with similar times to maximal effect and time-

course (Figure 1, Tables 2 and 3). Likewise peak and time-course of monitor ratings of 

overall drug effects of DXM and the high dose of psilocybin were similar (Figure 1, Table 

1). These results suggest that both the perceived and observed intensity of overall drug 

effects and time-course of DXM and the high dose of psilocybin were similar.

In the present study, psilocybin produced orderly dose-related increases on almost all 

participant-rated subjective measures during sessions and 7 hours after drug administration 

(Tables 2, 3, 4 and 5). The orderliness of these data across doses, in combination with the 

consistency of these observations with a prior study that demonstrated similar psilocybin 

dose effects in volunteers without histories of hallucinogen use who were informed that they 

would receive a range of psilocybin doses (Griffiths et al. 2011), suggests that the robustness 

of the methodology and replicability of the psilocybin dose-effect findings. Most participant-

and monitor-rated qualitative measures of psilocybin evaluated in both the present study and 

the previous study (Griffiths et al. 2011) were similar, including increases on participant 

completed questionnaires assessing typical hallucinogen subjective drug effects, mystical 

experience, and visual effects. Three differences from previous studies were that the 

hallucinogen-naive participants (Griffiths et al. 2011) showed significant increases in 

monitor ratings of psilocybin-induced anxiety or fearfulness, paranoid thinking, and 

unresponsive to questions. In contrast, the hallucinogen experienced participants in the 

present study showed no such increases. Whether this difference reflects an acquired 

tolerance to these possibly unpleasant effects of psilocybin or a selection bias in enrolling 

hallucinogen experienced participants is unknown.
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With regard to physiological and behavioral effects, the present study showed that psilocybin 

produced significant dose-related increases in systolic blood pressure and heart rate, and 

pupil diameter, along with decreases in Circular Lights and Balance Task performance. The 

absence of a significant increase in diastolic blood pressure contrasts with the previous 

psilocybin dose-effect study (Griffiths et al. 2011).

In the present study, the effects of a high dose DXM (400 mg/70 kg) were similar to those 

demonstrated in a previous study of a high dose of DXM in experienced hallucinogen users 

(Reissig et al. 2012; penultimate and maximum DXM doses). In both studies, DXM 

increased participant-rated somatic effects of numbness/tingling, light-headed/dizzy, queasy/

sick to stomach, and hot/flushed; monitor ratings of, restless/fidgety, peace, joy, and nausea/

vomiting; post-session participant-rated questionnaire measures of hallucinogen drug effects 

(HRS) and mystical experience; and the incidence of emesis. Also similar to the previous 

study, DXM increased systolic blood pressure and heart rate, and decreased circular lights 

and balance task performance. Like psilocybin, an absence of a significant increase in 

diastolic blood pressure after DXM contrasts with the previous DXM study (Reissig et al. 

2012; penultimate DXM dose).

Comparing psilocybin and DXM

Given that participants reported similar overall drug effect intensity after DXM and the high 

dose of psilocybin, examination of similarities and differences between DXM and psilocybin 

is of particular interest. Furthermore, because both psilocybin and DXM are considered to be 

hallucinogens and hallucinogens are defined by alterations of subjective experience, the 

comparisons of most interest are measures of subjective states reported by participants 

during and retrospectively after drug administration (11 peak subjective measures in Table 2; 

51 subjective effect measures in Tables 3, 4 and 5). Consistent with the classification of 

these compounds as hallucinogens, both the high dose of psilocybin and DXM significantly 

increased all of these 62 measures, with the only exceptions being that DXM did not 

significantly increase scores on the Psychological Insight Questionnaire or visual effect 

ratings of room overlaid with visual patterns, kaleidoscopic images, and visual synesthesia.

Differences in visual effects

Although both drugs increased a wide range of diverse visual effects, psilocybin produced 

greater effects than DXM. Of the 18 measures of visual effects (1, 3, and 14 items in Tables 

2, 3 and 5 respectively), the high dose of psilocybin produced significantly greater effects 

than DXM on 12 measures (75%), indicating greater movement and more frequent, brighter, 

distinctive, and complex (including textured and kaleidoscopic) images and visions. 

Furthermore, with eyes open, psilocybin also produced greater visual effects than DXM. 

These differences between psilocybin and DXM are consistent with vivid, complex, 

patterned, colorful imagery commonly reported after psilocybin and other tryptamine 

hallucinogens such as DMT relative to more dreamlike less vivid visual imagery associated 

with ketamine (Shulgin and Shulgin 1997; Jansen 2004; Gouzoulis-Mayfrank et al. 2005; 

Studerus et al. 2010). These results are also consistent with a double-blind study showing 

significantly greater scores on a measure of visionary restructuralization after intravenous 

DMT than ketamine (Gouzoulis-Mayfrank et al. 2005), and several studies suggesting 
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greater visual effects after oral or intravenous psilocybin than intravenous ketamine 

(Studerus et al. 2012; Schmidt et al. 2013; Schartner et al. 2017). Visions of white light, 

which have been reported at higher doses of DXM (White 2002) did not differ between 

DXM and psilocybin.

Differences in mystical experience-type effects

Of the 17 subjective dimensions commonly associated with mystical experience (5, 3, and 9 

items in Table 2, 3 and 4, respectively), the high dose of psilocybin produced significantly 

greater effects than DXM on 10 measures (59%). Furthermore, the proportion of participants 

of meeting criteria for having had a complete mystical experience was significantly higher 

after the high dose of psilocybin than DXM (40% vs. 0%). It is interesting to note that none 

of the 5 mystical experience items assessed during the session (Table 2) statistically 

differentiated the high dose of psilocybin from DXM, which may reflect greater memory 

impairing effects of DXM than psilocybin (unpublished data from this study). Of the 12 

mystical experience measures assessed at the end of the session, only two (one subscale each 

from the MEQ30 and Mysticism Scale) did not distinguish between the high dose of 

psilocybin and DXM. The endorsement of transcendence of time and space is common to 

both these measures. That DXM produced such effects would seem to be consistent with the 

high Disembodiment scores after DXM in the current study and with anecdotal reports 

suggesting that out-of-body experiences and near death experiences, are not uncommon 

effects of NMDA antagonist dissociative anesthetics such as DXM and ketamine (White 

2002; Jansen 2004).

Differences in psychological insight

DXM and all three doses of psilocybin significantly increased the two measures assessing 

the attribution of insight to the drug experiences. Both measures (100%) were significantly 

higher after psilocybin than DXM (Tables 3 and 4). The more detailed of these measures is 

the 37-item Psychological Insight Questionnaire, which probes psychological insights into 

emotions, beliefs, memories, and relationships. Scores on that measure were significantly 

higher after each of the three psilocybin doses than after DXM. Although the 

“Insightfulness” subscale of the 5D-ASC also showed significant differences between DXM 

and the highest two doses of psilocybin, a study comparing oral psilocybin to intravenous 

ketamine did not show a difference on this subscale (Schmidt et al., 2012). Notably, this 

subscale is comprised of only three items, two of which may not reflect psychological 

insight per se (“I felt very profound” and “I had very original thoughts”). A valuable future 

research direction with psychedelics will be establishing the factor structure, reliability, and 

internal validity of the Psychological Insight Questionnaire.

Differences in the experience of music

Although DXM and all three doses of psilocybin significantly increased the two measures 

assessing the absorption or significance of music, the high dose of psilocybin produced 

significantly greater effects than DXM on both measures (100%). Music is often used in the 

context of therapeutic sessions with psilocybin and other psychedelics (Bonny and Pahnke 

1972; Johnson et al. 2008; Barrett et al. 2017) and a recent controlled trial showed that LSD 

enhanced the positive emotional responses to music (Kaelen et al. 2015). Although the 
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present study suggests differences between psilocybin and DXM in regard to engagement 

with music, only two questionnaire items were assessed. Future research comparing 

hallucinogens should use validated measures assessing a broader range music-elicited 

experiences (Zentner et al. 2008).

Differences in the experience of disembodiment

Although both DXM and psilocybin significantly increased the disembodiment subscale of 

the 5D-ASC, DXM produced significantly greater increases than all three doses of 

psilocybin. Higher scores after DXM on this 3-item subscale (which probes feelings of 

being out of the body, not having a body, and floating) are consistent with reports of out-of-

body experiences after DXM and ketamine (White 2002; Jansen 2004). The greater scores 

after DXM than psilocybin on the disembodiment subscale of the 5D-ASC are also 

consistent with several studies suggesting greater disembodiment scores after oral psilocybin 

than intravenous ketamine (Studerus et al. 2012; Schmidt et al. 2013).

Differences in somatic symptoms and emesis

Although both DXM and psilocybin increased various somatic effects, DXM produced 

significantly greater increases in participant- and monitor-rated nausea or sick to stomach, 

participant-rated lightheaded/dizzy, and the incidence of emesis. All three doses of 

psilocybin produced significantly higher monitor-ratings of yawning than DXM.

The Pharmacological Class Questionnaire

This questionnaire provided data suggesting both similarities and differences between 

psilocybin and DXM. The high dose of psilocybin was often accurately classified as a 

classic hallucinogen (90% of participants; 90% of maximum on analogue ratings of 

similarity). In contrast, only somewhat more than half of participants (60%) accurately 

classified DXM as a dissociative hallucinogen, with analogue ratings of similarity to a 

dissociative anesthetic of 65% and similarity to a classic hallucinogen of 28%. These results 

contrast results from a previous study that compared DXM and triazolam under similar 

instruction and blinding conditions and also in participants with histories of hallucinogen 

use (Reissig et al. 2012). In that study, 400 mg/70 kg DXM was classified as a classic 

hallucinogen by 92% of participants, with an analogue similarity rating of 93%. The 

difference between these studies suggests the possibility that the context in which drugs are 

evaluated for subjective effects (e.g. in this case, what comparator drugs are being evaluated) 

may be an important determinant of subjective perceptions of drugs. The finding 

underscores the importance of controlling for context and expectancy effects in comparative 

studies of different hallucinogens. The finding also raises questions about the validity of 

commonly reported differences in the phenomenology between different hallucinogens (e.g. 

the allegedly relatively high rates of serpent imagery after ayahuasca (Narby 1999) or 

autonomous entity encounter experiences after DMT (Strassman 2001)).

Conclusions

This study compared subjective experiences of two mechanistically different hallucinogens 

psilocybin and dextromethorphan in participants with histories of hallucinogen use. A 
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unique feature of the study design was that instructions to participants and staff did not 

provide information about which specific hallucinogens would be administered. High doses 

of both drugs produced similar increases in participant and monitor ratings of peak overall 

drug effect strength, indicating that the perceived and observed intensity of overall drug 

effects were similar. Consistent with their classification as hallucinogens, both drugs 

increased a wide range of measures indicating typical hallucinogen subjective drug. 

However, at high doses that produced comparable ratings of overall drug effect intensity, 

psilocybin produced relatively greater visual, mystical-type, and insightful experiences, and 

greater absorption in music. DXM, in contrast, produced greater feelings of disembodiment 

and nausea, and a greater incidence of emesis.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Time-course of effects of placebo, psilocybin (10, 20, and 30 mg/70 kg) and 

dextromethorphan (DXM, 400 mg/70 kg) on overall drug effect assessed repeatedly across 

the session. Y-axes: participant-rated overall drug effects on a 10-point scale; monitor ratings 

of overall drug effect on a four-point scale. X-axes: time after drug administration in 

minutes. Data points show means (N= 20), brackets show 1 SEM. Filled symbols indicate 

values that are significantly different from the corresponding placebo value at the same time 

point (p<0.05, planned comparisons).
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Fig 2. 
Effects of placebo, psilocybin (10, 20, and 30 mg/70 kg), and dextromethorphan (DXM, 400 

mg/70 kg) on the 11 subscale scores of the Altered States of Consciousness scale (5 D-

ASC). Data points show means (N= 20); maximum score = 100.
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