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There is considerable interest in the therapeutic potential of psychedelic drugs. Dimethyltryptamine (DMT) is a potent, rapid-onset,
and short-acting psychedelic drug that has not yet been independently tested for the treatment of depression. The safety,
tolerability, and efficacy of intravenous DMT were investigated in treatment-resistant individuals with major depressive disorder
(MDD) and healthy controls (HC) in an open-label, fixed-order, dose-escalation (0.1 mg/kg followed by 0.3 mg/kg) exploratory phase
1 study that was conducted in a typical hospital setting with strategic psychoeducation/support, but minimal psychotherapy.
Tolerability, safety, cardiovascular function, abuse liability, psychedelic, and psychotomimetic effects, mood, and anxiety were
assessed at each dosing session. In addition, depression was measured using the HAMD-17 in MDD participants 1 day after each
dosing session. DMT was tolerated by both HC (n = 3) and MDD participants (n = 7) studied; there were no dropouts. HAMD-17
scores decreased significantly (p = 0.017) compared to baseline in MDD participants the day after receiving 0.3 mg/kg DMT (mean
difference —4.5 points, 95% Cl: —7.80 to —1.20, Hedge's g = 0.75). Adverse events were mostly mild with one self-limited serious
event. DMT increased blood pressure, heart rate, anxiety, psychedelic effects, and psychotomimetic effects, which resolved within
20-30 min of injection. There were no dose-related differences in measures of drug reinforcement and abuse liability. In this small
exploratory pilot study, intravenous DMT at doses of 0.1 and 0.3 mg/kg was mostly safe and tolerated and may have next-day
(rapid) antidepressant effects in patients with treatment-resistant MDD. Further rigorous trials are warranted to replicate these

findings and to determine the durability of antidepressant effects.

Neuropsychopharmacology (2022) 47:1854-1862; https://doi.org/10.1038/s41386-022-01344-y

INTRODUCTION

There is burgeoning interest in the therapeutic potential of
psychedelic compounds. Psilocybin, a prototypical serotonergic
hallucinogen, has shown tantalizing therapeutic effects in several
neuropsychiatric disorders [1-6].

The proliferating research with psilocybin has generated
several important questions. For example, whether the promis-
ing therapeutic potential of psilocybin extends to other
serotonergic hallucinogens remains unclear. Furthermore, the
extent to which psychedelic effects are necessary for later
therapeutic effects needs further study. Currently, psilocybin is
administered orally, and thus, there is a latency to the onset of
its psychedelic effects, which then last for several hours.
Whether shorter psychedelic experiences suffice to elicit
clinically meaningful benefit is not clear. Current models require
the presence of two therapists and a specific psychotherapy
protocol for the entire dosing session [7]. The extent to which
multiple therapists and integrative psychotherapy are necessary
for the beneficial effects of psilocybin needs to be determined
given that such a resource-intensive treatment model is

challenging to implement on a wide scale and for the
overwhelming majority of patients.

Like psilocybin, N,N-dimethyltryptamine (DMT) is a serotonergic
hallucinogen. DMT is present in certain plants used to make
ayahuasca, a South American psychoactive brew [8] used socially
and as a ceremonial medicine by some indigenous peoples in the
Amazon. Ayahuasca contains DMT and other compounds includ-
ing monoamine oxidase inhibitors (MAOIs). When consumed
orally, DMT is rapidly deaminated by MAOs to an inactive
metabolite [8]. However, when administered intravenously, DMT
bypasses enteric metabolism and produces effects which are brief
in contrast to orally administered psilocybin or ayahuasca.

The effects of DMT have been extensively studied in humans for
more than 50 years [9-13]. In healthy volunteers, intravenous DMT
produces a range of psychedelic effects including profound dose-
related alterations in perceptions, emotion, and thought. The
effects include visual hallucinations, altered reality, “spiritual
insights”, distortion of body perception, and mood alterations
or anxiety [11, 12, 14]. Psychedelic effects emerge at doses higher
than 0.2 mg/kg. The effects emerge rapidly (within 2 min) after
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intravenous administration and fully resolve within about 30 min.
At doses ranging from 0.05 to 0.4 mg/kg, the effects are well
tolerated in healthy controls (HC) [12].

The precise mechanisms underlying the psychedelic effects of
DMT are not clear [15]. DMT has agonist activity at serotonin
5-HT,, receptors. Other identified binding sites include various
serotonin, dopamine, and adrenergic receptors, serotonin
uptake transporters, trace amine-associated receptors, and
sigma-1 receptors [16-19]. In contrast to other psychedelics,
DMT is also present at low concentrations in the brains of
animals and humans [20] at low concentrations. Because DMT
activates trace amine-associated receptor 1 and may be stored
in vesicles at concentrations sufficient to activate receptors [18]
DMT may have a role in normal physiology and pathology.
However, the extent to which interactions between exogenous
DMT and endogenous DMT contribute to its overall effects is
unknown.

We are unaware of any reports on the therapeutic effects of
pure DMT in depression. In a small (n=6) open-label study,
Osorio et al. found that a single dose of ayahuasca significantly
reduced depression scores in major depressive disorder (MDD)
patients without inducing mania or psychosis [21]. More
recently, Palhano-Fontes et al. reported that ayahuasca reduced
depression scores in patients with treatment-resistant depres-
sion (n=29) in a parallel-arm, double-blind, randomized,
placebo-controlled trial [22]. However, while ayahuasca contains
DMT, it contains numerous other potentiating constituents,
including MAOIs such as harmaline that may have effects on
depression independent of DMT. Furthermore, the pharmacolo-
gical profile of all of ayahuasca’s constituents is poorly under-
stood [23].

The slow onset and long duration of orally administered
psilocybin prompted us to study the effects of DMT, given its near-
instantaneous onset, yet short duration, of psychedelic effects. As
the first clinical trial utilizing DMT in MDD, we first studied its
dose-related safety, tolerability, and potential efficacy in indivi-
duals with MDD and HC as a prelude to a larger trial.

MATERIALS AND METHODS (SEE SUPPLEMENTARY
MATERIALS FOR DETAILS)

Regulatory

This study was conducted at the Neurobiological Studies Unit (VA
Connecticut Healthcare System [VACHS], West Haven, CT) with
approval from the Institutional Review Boards of VACHS and Yale
University School of Medicine and was monitored by an
independent Data Safety Monitoring Board. The study was
registered on clinical trials.gov (NCT04711915) on January 15,
2021, and conducted under an approved IND (DCD # 146,883). All
participants provided written informed consent.

General study design

This was an exploratory, open-label, fixed-order, dose-escalation
(0.1 and 0.3 mg/kg intravenous DMT) study involving two dosing
sessions at least 48 h apart. DMT hemifumarate was synthesized at
the University of Wisconsin-Madison. Participants included
patients with treatment-resistant MDD and HC. Participants,
investigators, and raters were not masked to treatment assign-
ment, and all participants received the study intervention.

Participants (Supplementary S1)

Inclusion criteria for MDD participants: DSM5 MDD with =17 on
HAMD-17, engaged in treatment, but treatment resistant as
defined as a minimum of two prior treatment failures and
confirmation of prior adequate dose and duration [24] and at least
one failed antidepressant trial in the current depressive episode.
MDD participant exclusion criteria: psychotic disorder, unstable
medical co-morbidities, history of mania, and recent high risk for
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suicide or homicide. Exclusion criteria common to HC and MDD
groups were pregnancy, current or recent drug dependence,
lifetime history of hallucinogen use disorder, regular use of
psychedelics, and current use of over-the-counter products with
serotoninergic properties.

Recruitment

The HC group was recruited from the community using
advertisements, online postings, and word of mouth. MDD
participants were recruited from the community using clinician
referrals, advertisements, online postings, and word of mouth.

Screening (Supplementary S2)

Eligible participants completed a thorough psychiatric and
medical history and examination including comprehensive
laboratory testing. For MDD participants, collateral information and
support from the participant’s primary mental health clinician was
required.

Preparation

If eligible, participants met with the study psychiatrists for a
preparatory session of about 45 min, during which participants were
provided information about DMT's psychological effects, and
approaches to navigate the experience itself. Furthermore, MDD
participants were invited to discuss their mood symptoms and their
depression history. Participants were told that they would receive a
0.1 mg/kg followed by a 0.3 mg/kg dose of DMT. Furthermore, they
were told that while they may not benefit from study participation,
their participation may lead to knowledge that may help others.

Drugs

Since freebase DMT is not water soluble, water-soluble DMT
hemifumarate was prepared that was minimally 99.9% pure for
intravenous injection. Detailed synthetic and analytic procedures
have been previously published [25]. DMT hemifumarate was
compounded into a sterile investigational product (20 mg/mL
injection, 1 mL vial). The doses were chosen based on previous
work [26] showing that 0.1 mg/kg is sub-psychedelic while 0.3 mg/
kg DMT reliably induced psychedelic effects. Only if participants
tolerated the first dosing (0.1 mg/kg DMT) session, were willing
to continue, and the research team approved, was the next dose
(0.3 mg/kg DMT) session scheduled.

Test sessions (Supplementary S3)

On arrival, participants were first checked for recent alcohol and
drug use and completed pre-dose/baseline assessments (Supple-
mentary Table S1). Participants were dosed in a booth containing
a medical-grade reclining chair and desk that was lit with
overhead fluorescent lighting. There was no art adorning the
room and no music was played. Participants were provided
pillows and hospital-issued linens. The two psychiatrists stood on
either side of the medical chair, with a research nurse and research
assistants stood immediately behind the subject. After connecting
the DMT-containing syringe to the intravenous port, the impend-
ing administration of DMT was announced. Participants were
administered DMT by intravenous push over 30-60 seconds. Blood
pressure was measured at baseline and 5, 10, 15, 20, 30, 45, 60,
and 120 min after drug administration. Heart rate and pulse
oximetry were measured continuously. Subjective drug effects
were measured 60 min before, as well as 30 and 120 min after
drug administration.

Given the intensity and brevity of DMT effects, participants were
allowed a mostly uninterrupted experience with psychiatrists
utilizing a non-directive and supportive approach. Participants
were asked how they were feeling at the same time points as the
physiological recordings; no psychotherapy was provided. Rescue
medications for psychological distress (lorazepam and risper-
idone) and hypertension (labetalol) were available. Prior to
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discharge, a field sobriety test and mini-mental status examination
were conducted to confirm return to baseline.

Debriefing

For the approximately 2 h between the waning of DMT effects and
the time of discharge, participants were debriefed by a psychiatrist
(SAS). The day after each session, participants were contacted
via telephone to check on their well-being, to monitor for any
adverse events (AEs), and, in MDD participants, to administer the
HAMD-17.

Outcomes (Supplementary S4)

Tolerability defined by the US Food and Drug Administration
(FDA) as “the degree to which overt adverse effects can be
tolerated” by a subject was assessed [27]. At the end of the test
day, after all drug effects had worn off, participants were asked
to score (1) the overall experience on a visual analog scale [VAS]
(0 =intolerable to 100 = well tolerated), (2) the likelihood of
using the drug again (0 = not at all to 100 = most of all), and (3)
how much they were willing to pay for the experience ($0-100).
Similarly, all participants were asked to rate anxiety on a VAS
(0 =not more than usually to 100 = much more than usual);
MDD participants also rated depression. Safety defined by the
FDA as “the risk to the subject or patient from a drug or biologic
assessed by tests” was assessed by monitoring vital signs and
recording AEs [27]. The quality and intensity of psychedelic
effects were captured using a 23-item Psychedelic Effects Visual
Analog Scale [14]. To capture the effects of DMT on perception,
thought, and sensory processing, participants were adminis-
tered the Psychotomimetic States Inventory (PSI) [28]. Shortly
after the resolution of effects, participants were instructed to
retroactively rate the effects experienced during the peak
effects. Depression was measured using the clinician-
administered HAMD-17 at baseline (at screening) and one day
after each dosing session. The HAMD-17 was chosen as the
primary efficacy measure due to its high reliability and validity
[29]. We chose the day after each dose session as the primary
efficacy point because we did not want the acute psychedelic
effects to obscure any meaningful changes in mood and to
coincide with the effects of the next neuroplastic changes
induced by psychedelics.

Statistical analysis (Supplementary S5)

This exploratory-feasibility study was conducted to investigate
the tolerability, safety, and potential efficacy of two doses of
DMT to inform and power a larger, double-blind, randomized,
placebo-controlled, crossover study. For subjective measures
including the psychedelic effects VAS, PSI, and VAS (anxiety
and depression), peak change from baseline was calculated
and analyzed using paired t-test, when data met parametric
assumptions, or nonparametrically, using two-tailed Wilcoxon
signed-rank tests. Cardiovascular parameters were analyzed
using repeated-measures ANOVA with dose as a between-
subject factor and time as the within-subject factor. HAMD-17
scores for each dose were compared to baseline using paired t-
tests. Mean differences are presented with 95% confidence
intervals and effect size is reported using Hedge’s g formula.
Multiple comparison correction was performed for PSI sub-
scales (Bonferroni) and VAS psychedelic effect items (FDR),
associated with reduced power, in order to minimize type |
errors [30].

RESULTS

Enrollment occurred between March 17 and October 12, 2021. Of
the 52 individuals who were initially considered for the study and
for a telephone screen (see Supplementary CONSORT diagram), 14
were selected for an in-person screening visit, and 12 (3 HC and 9
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with current MDD) were enrolled in the trial. 2 MDD participants
dropped out before randomization. Amongst the 7 MDD
participants who received DMT, 4 were self-referred and 3 were
clinician-referred. Participants’ demographic and clinical charac-
teristics are presented in Table 1. Three of 7 MDD participants met
the criteria for severe depression at baseline (HAMD-17 score >24)
while the remaining 4 met criteria for moderate severity
depression (HAMD-17 score 17-<24). As a prerequisite to
participation, all MDD participants were engaged in treatment
including psychotherapy and were not taking any antidepressant
medication that could interfere with DMT effects. Except for one
participant (1 month), all the others had last taken antidepressants
more than 3 months before their first test day. Only one MDD
participant withdrew from taking antidepressants in order to
participate. The study ended on October 31, 2021 when the batch
of DMT expired.

Tolerability

Participants reported overall tolerability (0 = intolerable to 100 =
well tolerated) as 89.80 (SD 12.95) for the 0.1 mg/kg dose session
and 71.11 (SD 24.52) for the 0.3 mg/kg dose session (difference
—17.78 [95% Cl —32.81 to —2.75] t=—2.72, p =0.026) (Supple-
mentary Fig. S1).

After completion of the 0.1 mg/kg dose session, all participants
reported willingness to return for the second dosing session
(0.3 mg/kg). Furthermore, on completion of the first dosing
session (0.1 mg/kg), the study psychiatrists determined that all
the participants who completed the first dosing session were
appropriate to continue to the second dose day based on a review
of the self-reported effects, study-clinician observed effects,
cardiovascular parameters, participants debriefing, and clearance
testing.

Safety

DMT increased systolic and diastolic blood pressure, and heart
rate (Fig. 1); while there was a significant time effect for both
doses, there were no significant dose or dose-time effects. Post-
hoc analyses revealed statistically significant increases in systolic
pressure at the +5, +10, and +15min time points relative to
baseline; significant increases in diastolic pressure at +5, +10,
+15, 420, and +30min relative to baseline; and significant
increases in heart rate at the +5min time point relative to
baseline (Supplementary Table S2).

Adverse events

The most common AEs were transient anxiety prior to adminis-
tration and drug onset (n = 6), transient headache (n = 2) during
onset and after resolution of drug effects, and transient
hypertension (n=2) before dose and during onset of effects
(Table 2). Some of the AEs were deemed definitely related to DMT
effects while others were deemed unrelated. There was one
serious adverse event (SAE) on a 0.3 mg/kg dosing session in a
female participant who had significant asymptomatic bradycardia
and hypotension. The latter was addressed by placing the
participant in Trendelenburg position and increasing intravenous
saline without sequelae (Supplementary S6). None of the
participants experienced any clinically relevant psychotic symp-
toms. All participants passed a standard field sobriety test and
pre-dose baseline-matched Mini-Mental Status Exam prior to
discharge. No rescue medications were used during any
dosing session to address psychological or physiologic AEs
reported (except for increased intravenous fluids to address
hypotension -S6).

Subjective effects

DMT'’s acute psychedelic effects typically became detectable
between 2 and 5 min of administration, peaked between 5 and
10 min after dosing, and completely subsided by 30 min. While
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diastolic blood pressure (mm Hg), and heart rate (beats/min) over time on the 0.1 and 0.3 mg/kg DMT. Arrow indicates the time at which DMT

was administered. n =10 for 0.1 mg/kg (n = 3 healthy, n =7 depres

there were no significant scores on any of the 23-item VAS
psychedelic effects at baseline, scores increased with both
doses at the +30 min rating. Peak change in VAS psychedelic
composite score was 13.16 (SD 11.91) for the 0.1 mg/kg session
and 55.83 (SD 23.89) for the 0.3 mg/kg dose (difference 42.67
[95% Cl 33.30 to 52.03]; z=4.11; p<0.0001; Hedge's g =2.2)
(Table 3). There were significant dose-related differences on 16
of the 23-items (FDR correction, g =0.05) (Supplementary
Table S3). The top five ranked items with significant dose-
related differences (p adjusted <0.01) were “intensity of
experience” (p =0.002), “complex visual images” (p =0.004),
“experienced different reality/dimension” (p =0.006), “things
looked strange” (p =0.008), and “imagination was very vivid”
(p=0.01) (Supplementary Table S3 and Supplementary
Fig. S2).

Mean peak change in PSI scale total score was 7.33 (SD 7.62) for
the 0.1 mg/kg session and 31.67 (16.57) for the 0.3 mg/kg session
(difference 24.33; 95% Cl 12.74 to 35.94: t=4.84: p=0.001;
Hedge's g = 1.89) (Table 3 and Supplementary Fig. S3). The dose-
related difference on peak change in PSI subscales was significant
only for the perceptual disturbance subscale (p < 0.005) (Supple-
mentary Table S4).

Peak change in VAS anxiety scale administered to all
participants was 2.56 (SD 31.8) on the 0.1 mg/kg session and
29.67 (SD 39.96) on the 0.3 mg/kg session (difference 27.11 [95%
Cl —14.30 to 68.53] z=1.1, p=0.26). Peak change in VAS
depression administered only to MDD participants was 6.83 (SD
28.94) for the 0.1 mg/kg session and 14.83 (SD 37.79) on the 0.3
mg/kg session (difference 8.00 [95% Cl —41.47 to 57.47] z=0.11,
p =0.92 (Table 3 and Supplementary Fig. S5).

On measures of drug desirability, participants reported
overall willingness to use DMT as 24.00 (SD 17.91) for the
0.1 mg/kg session and 22.44 (SD 22.72) for the 0.3 mg/kg
session (difference —1.56 [95% Cl: —16.74 to 13.62] z=—0.14,
p =0.90). Participants monetized the value of drug effects
(scale from $0 to 100) as $25.56 (SD 29.07) for the 0.1 mg/kg
session and $24.78 (SD 33.36) for the 0.3 mg/kg session;
(difference —0.78 [95% Cl —32.38 t0 33.94] z= —0.14, p = 0.89)
(Supplementary Table S5).
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sed) and n =9 for 0.3 mg/kg (n = 3 healthy, n =6 depressed).

Next-day depression ratings

Most MDD participants showed a nominal reduction in depression
severity on the HAMD-17 after the 0.1 mg/kg session (Fig. 2 and
Supplementary Table S6). HAMD-17 depression scores were
significantly reduced from baseline (23.86 (SD 4.45)) to post-0.3
mg/kg session (20.20 (SD 7.82)) (difference —4.5 [95% Cl: —7.80
to —1.20] t=-3.50, p =0.017; Hedge's g =0.75). Difference in
HAMD-17 was also significant between the 0.1 and 0.3 mg/kg
sessions (Fig. 2) (difference —3.5 [95% Cl: —6.87 to —0.013]
t=—267, p=0.044). One treatment-resistant MDD participant
who experienced a significant improvement in depression,
requested additional dosing.

DISCUSSION

This is the first report to our knowledge of the safety, tolerability,
and efficacy of DMT in MDD. Intravenous DMT can be safely
administered to and tolerated by individuals with moderate to
severe, treatment-resistant MDD, and it may have next-day
antidepressant effects.

The most novel finding of this study was the significant
reduction in HAMD-17 scores one day after receiving DMT
0.3 mg/kg in MDD patients who had failed several previous
antidepressant trials and who had been chronically ill
(average duration of illness was 27 years). The mean reduction
in HAMD-17 score was about 4.5 points the day after receiving
0.3 mg/kg, a medium to large effect size (Hedge's g =0.75). Of
note, HAMD-17 scores changed nominally the day after the
0.1 mg/kg dose, and the difference between the two doses
was significant, findings that will inform dose-selection for
future studies. However, because of the fixed order and the
lack of any measure of depression immediately prior to the
0.3 mg/kg DMT session, it is not possible to determine the
contribution of carryover effects from the 0.1 mg/kg DMT
session. Consistent with the known heterogeneity of MDD,
some participants had greater reductions in HAMD-17 scores
than others. ldentifying predictors of response will be an
important subject of future investigations. One MDD partici-
pant had a profound and sustained improvement in depression
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Table 3. Dose-related peak change in subjective effects.
0.1 mg/kg,
mean (SD)

VAS psychedelic effects Composite 13.51 (11.75)

PSI Total 7.33 (7.62)

VAS depression and Anxiety 2.56 (31.8)

anxiety Depression 6.83 (28.9)

VAS visual analog scale, PS/ Psychotomimetic States Inventory.

1 Day after
0.1 mg/kg

1 Day after

Baseline 0.3 mg/kg

Change in HAMD score
&

== [\lean
-10

*lOn\y received 0.1 mg/kg)

-12 P
0.1 mg/kg vs. baseline n.s

Hedges g 95% CI

0.3 mg/kg vs. baseline 0017 075 (-7.80t0 1.2)

Fig. 2 Change in depression. Figure shows changes in HamD-17
total scores of individual participants the day after 0.1 and 0.3 mg/kg
DMT relative to baseline. Each subject is represented by a line in a
different color. The group mean is shown in black. *Note that
subject 7 completed the 0.1 mg/kg dosing session before being
withdrawn for administrative reasons.

(corroborated by her
additional doses.

The magnitude of antidepressant effects with DMT was
smaller than those reported by Carhart-Harris et al., with
psilocybin [31]. A number of differences between the two
studies including the samples studied, the setting, augmenta-
tion with psychotherapy, the duration of psychedelic effects,
the timing of assessments and the route of administration of
the drugs, may have accounted for the differences in the
magnitude of effects. A direct head-to-head comparison of the
two drugs will be necessary to determine their differences and
similarities.

Considerable importance has been given to the centrality of
set and setting in psychedelic treatment models. Recent
psychedelic studies are typically conducted in settings that
are adorned with art, plants, flowers, and homey furnishings,
painted in warm colors, and lit with muted lighting. Studies
often include specific music. Furthermore, psychotherapy is
considered a fundamental part of psychedelic treatment. In
contrast, this DMT study was conducted in a typical hospital
setting, and participants received strategic education and
psychological support but minimal psychotherapy, similar to
ketamine. Despite the hospital setting and minimal psy-
chotherapy provided in this study, depression scores
decreased with DMT. This raises the question of whether
psychotherapy and a nonhospital setting may have enhanced
the reduction in depression scores in this study, or alterna-
tively, how critical setting and psychotherapy are necessary

partner) and requested receiving

SPRINGER NATURE

0.3 mg/kg, Statistic Significance Effect (Hedge’s g)
mean (SD)

53.46 (25.95) z=4.05 p <0.0001 2.20

31.67 (16.57) t=4.84 p=0.001 1.89

29.67 (39.96) z=1.13 p=0.26 -

14.83 (37.8) z=0.11 p=0.92 -

for the effects of DMT. Perhaps unsurprisingly, neither
psychedelic/psychotomimetic effects (ASC/PSI) significantly
correlated with changes in depression scores from baseline
to post-0.3 mg/kg dose.

The study provides the first information on the safety and
tolerability of DMT in depressed individuals. The physiological and
psychedelic effects of DMT observed were overall concordant with
previous work in nonclinical populations. DMT produced transient
dose-related increases in perceptual alterations (Supplementary
Figs. S2-S4 and Supplementary Table S4). The largest changes
were on items of intensity, visual imagery, and alternate reality
experience. Participants reported transient increases in anxiety.
There were no serious psychiatric AEs. Consistent with the
literature, DMT produced transient increases in blood pressure
and heart rate. However, there was one SAE of one participant
who had precipitous hypotension and bradycardia lasting 5 min
after receiving 0.3 mg/kg DMT; there were no sequelae. Given that
DMT typically increases blood pressure, the SAE was determined
to be an interaction between the participant’s (undisclosed)
history of autonomic instability and DMT effects. The cardiovas-
cular effects of DMT warrant careful screening for cardiovascular
risk factors, and for implementing procedures in place to manage
cardiovascular events.

Participants reported that the experience was intense and
challenging (ASC scale items), and transiently increased anxiety.
Yet participants reported that the experience was meaningful and
pleasurable (modified ASC scale items); all participants were willing
to return to receive IV DMT 03 mg/kg. Participants rated the
tolerability of the 0.1 and 0.3 mg/kg doses as 89.80 (SD 12.95) and
71.11 (SD 24.52), respectively. Furthermore, no participants dropped
out from our study. Collectively taken, while intense and challenging,
IV DMT was mostly safe and tolerated. Larger studies may be
necessary to more fully evaluate the safety and tolerability of IV DMT.

The fact that immediately after the dosing session, participants
were willing to pay only $25 for the experience ($0-100), and
reported being less likely to use DMT, suggests that intravenous
DMT has low abuse potential.

The small sample size, open-label, and fixed-order design are
limitations of the study. The brief follow-up period of mood
symptoms does not inform whether, like psilocybin, DMT has
longer-lasting antidepressant effects. Longer, more rigorous trials
are needed to explore this further. Future studies need to use
assessments of psychedelic and other effects that have consensus
and have been well-validated.

The strengths of the study include the use of a sub-psychedelic
and psychedelic dose, the inclusion of both HC and MDD
participants, and the study of treatment-resistant MDD.

While the logical next step would be to conduct a randomized,
double-blind, placebo-controlled trial of intravenous DMT with
standardized and minimal psychological support, our findings raise
a number of questions that warrant further study. How long do the
antidepressant effects of DMT observed a day after dosing, last? Is
the 0.3 mg/kg dose, which produced robust psychedelic effects in
this study, the optimal dose? Would a slower infusion that produces
less intense effects be safer? A slower and longer infusion may allow
participants to engage in psychotherapy. Do sub-psychedelic doses,
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which might be better tolerated and more acceptable to patients,
still have antidepressant effects? In this regard, it will be critical to
determine the optimal level of psychedelic effects and their duration
that are necessary for therapeutic effects. Once that is determined, it
would be possible to design studies aimed at reaching, but not
exceeding, the target intensity and duration of psychedelic effects.
The rapid and profound effects of DMT especially when adminis-
tered intravenously make blinding a significant challenge. The
effectiveness of blinding needs to be estimated in future studies.
Future studies might consider using an active control or using sub-
psychedelic doses of DMT for comparison. The measurement of
expectancy and the potential manipulation of expectancy need to
be studied. Furthermore, recruiting a balance of self-referred and
clinician-referred participants, as in this study, would help to control
for the likely strong expectancy effects seemingly intrinsic to
psychedelic effects on depression. Whether the intensive psy-
chotherapy that has been proposed as integral to clinical trials with
psychedelics would enhance the putative antidepressant effects of
DMT needs further study. For this to occur, the intensity of
psychedelic effects needs to be reduced and the duration of effects
needs to be prolonged to allow for more therapeutic engagement.
Whether the intravenous DMT paradigm is less or more resource-
intensive compared to oral psychedelic treatments will need to be
studied. Lastly, to what extent differences in mechanism (e.g., TAAR-
1 and sigma-1) contribute to DMT's effects and distinguish it from
other 5-HT,a psychedelics needs further study.

In conclusion, the findings of this exploratory study provide
support for DMT's tolerability, safety, and potential rapid
antidepressant effect. In contrast to other psychedelic treatment
models, reductions in depression were observed the day after
DMT dosing, and occurred within a typical hospital setting, and
without intensive psychotherapy. This intriguing finding suggests
it may be easier to implement DMT for the treatment of MDD.
Future studies are warranted to replicate the findings and inform
the therapeutic potential of DMT.
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