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IMPORTANCE Psychedelics represent a potential breakthrough for treatment-resistant
depression; however, the prolonged in-clinic monitoring required for compounds such as
psilocybin and lysergic acid diethylamide is a logistical hurdle to widespread use. Intranasal
mebufotenin (5-methoxy-N,N-dimethyltryptamine), a 5-hydroxytryptamine 1A (5-HT1A) and
5-HT2A agonist associated with brief psychedelic experiences, may address this limitation.

OBJECTIVE To evaluate the safety, efficacy, and time to discharge readiness following a single
dose of intranasal mebufotenin benzoate in adults with treatment-resistant depression.

DESIGN, SETTING, AND PARTICIPANTS Phase 2b, randomized, double-blind trial with an 8-week
blinded follow-up conducted between September 2023 and April 2025 at 38 sites in
Australia, Europe, and the US. Participants were aged 18 to 75 years with moderate to severe
major depressive disorder nonresponsive to 2 to 5 antidepressant trials in the current
episode. The last date of follow-up was April 28, 2025.

INTERVENTIONS After antidepressant washout as needed, participants were randomly
assigned to receive a single dose of intranasal mebufotenin benzoate, 8 mg (n = 46), 12 mg
(n = 73), or 0.3 mg (a low-dose comparator; n = 74), alongside psychological support.

MAIN OUTCOMES AND MEASURES The primary end point was total score change on the
Montgomery-Åsberg Depression Rating Scale (MADRS; score range, 0-60; higher scores
indicate more severe depression) from baseline to day 29 in the 12-mg vs 0.3-mg dose
groups. Eighteen secondary end points were assessed for the 12-mg and 8-mg vs 0.3-mg
doses. Discharge readiness was assessed starting 90 minutes after dosing.

RESULTS Among the 193 included participants, the mean age was 41 (SD, 11.1) years and 59.1%
were female. From baseline to day 29, treatment with 12-mg intranasal mebufotenin
benzoate vs the 0.3-mg dose (the primary end point) was associated with significantly
reduced MADRS scores (mean score change, −11.1 [SD, 11.6] vs −5.5 [SD, 9.9], respectively;
mean difference, −5.3 [95% CI, −8.9 to −1.8]; P = .003). The 8-mg dose also led to reduced
scores from baseline to day 29 (mean score change, −12.5 [SD, 12.7]) vs the 0.3-mg dose
(mean difference, −6.2 [95% CI, −10.2 to −2.1]; P = .003). MADRS reductions with the 8-mg
and 12-mg doses were similar and significantly greater at all other time points from 2 to 57
days post dose vs the 0.3-mg dose. Day 29 response rates were 35%, 34%, and 12% and
remission rates were 26%, 18%, and 8% in the 8-mg, 12-mg, and 0.3-mg dose groups,
respectively. Treatment-emergent adverse events were reported in 76%, 85%, and 73% of
participants in the 8-mg, 12-mg, and 0.3-mg dose groups, respectively; most events (99.7%)
were mild or moderate. Overall, most participants were deemed ready for discharge within
2 hours post dose (85% for 8 mg and 78% for 12 mg).

CONCLUSIONS AND RELEVANCE In adults with treatment-resistant depression, single doses of
intranasal mebufotenin benzoate were well tolerated and produced rapid, robust, and
durable reductions in depressive symptoms. Intranasal mebufotenin benzoate may improve
treatment access and convenience, requiring a shorter monitoring period and fewer clinic
visits compared with psilocybin and esketamine, respectively.
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M ajor depressive disorder is a debilitating psychi-
atric disorder affecting approximately 290 million
people worldwide.1 About one-third of patients with

major depressive disorder have treatment-resistant depres-
sion, having had inadequate response to 2 or more trials with
antidepressants,2,3 and experience lower quality of life, greater
emotional distress, increased risk of mortality by suicide, and
higher health care costs compared with people with major de-
pressive disorder that responds to treatment.4-7

Recent advances in treatment options for treatment-
resistant depression include N-methyl-D-aspartate (NMDA) glu-
tamate receptor antagonists (ketamine/esketamine) and trans-
cranial magnetic stimulation, but these require frequent
administration by qualified health care professionals, repre-
senting a significant logistical barrier for many patients.8-10

Emerging research indicates that psychedelic treatments, me-
diated primarily through 5-hydroxytryptamine 2A receptor
(5-HT2A) agonism, offer potential advantages over current op-
tions due to their rapid onset of symptom improvement and sus-
tained benefits after a single administration.11-17 However, there
are concerns about the feasibility and practicality of com-
pounds such as psilocybin and lysergic acid diethylamide (LSD),
which require 4 to 12 hours of in-clinic observation.16-18 This un-
derscores a clear unmet need for effective treatment-resistant
depression therapies with a lower logistical burden.19

Mebufotenin benzoate nasal spray (BPL-003) is a novel,
synthetic formulation of the psychedelic mebufotenin
(5-methoxy-N,N-dimethyltryptamine [5-MeO-DMT]), a po-
tent agonist of the 5-HT1A and 5-HT2A receptors associated with
relatively short psychedelic experiences.20,21 Intranasal mebu-
fotenin benzoate is rapidly absorbed and eliminated,21 with
subjective acute psychedelic effects following a time course
similar to systemic exposure (peak intensity, 8-15 minutes; re-
turn to baseline, 45-60 minutes).20 In an open-label study in
treatment-resistant depression, a single 10-mg dose of intra-
nasal mebufotenin benzoate had acceptable safety and toler-
ability, with a rapid antidepressant effect that was sustained
over 3 months.22 The current phase 2b trial evaluated the ef-
ficacy, safety, and tolerability of single 8-mg and 12-mg doses
of intranasal mebufotenin benzoate compared with a low-
dose comparator in adults with treatment-resistant depression.

Methods
Study Design and Participants
This double-blind, low-dose comparator–controlled, random-
ized, phase 2b trial was conducted from September 2023 to
April 2025 at 38 sites across Australia, Germany, Poland,
Spain, the UK, and the US (eAppendix 1 in Supplement 3). The
trial consisted of a screening period followed by an 8-week
blinded core study (eAppendix 2 in Supplement 3). Partici-
pants could enroll in an optional open-label extension study,
with an additional 12-mg dose in some territories (to be re-
ported separately).

Eligible participants were aged 18 to 75 years, diagnosed with
single-episode (≥3 months and ≤2 years) or recurrent major de-
pressive disorder (confirmed by Mini International Neuropsychi-

atric Interview), had at least moderate severity of depression
(defined by a Hamilton Depression Rating Scale score ≥19 and a
Clinical Global Impression–Severity [CGI-S] score ≥4 at screen-
ing and baseline), and were nonresponsive to 2 to 5 antidepres-
sants after 8 weeks or longer in the current episode. Full eligibil-
ity criteria are described in eAppendix 3 in Supplement 3.

The trial was conducted in accordance with the Declaration
of Helsinki23 and the International Council for Harmoniza-
tion Good Clinical Practice guidelines, and the trial protocol
(Supplement 1) was approved by the required institutional re-
view boards/independent ethics committees (eAppendix 4 in
Supplement 3). All participants provided written informed con-
sent. The study followed the Consolidated Standards of
Reporting Trials (CONSORT) reporting guideline.

Study Procedures
Eligible participants were initially randomized 1:1:1 to receive
a single intranasal dose of mebufotenin benzoate, 8 mg, 12 mg,
or 0.3 mg (subperceptual low-dose comparator). The planned
randomization ratio was modified to 3:1:3 approximately mid-
way through recruitment for operational reasons, and recruit-
ment efforts were focused into the 2 groups used in the pri-
mary end point analysis (12 mg and 0.3 mg), resulting in a net
randomization of approximately 3:2:3. Randomization was
stratified by region (US or rest of world). A block size of 6 was
used in the original randomization scheme and was changed
to 7 under the amended scheme. Further randomization de-
tails are described in eAppendix 5 in Supplement 3.

Participants, investigators, independent Montgomery-
Åsberg Depression Rating Scale (MADRS) raters, and all other
site personnel, including the sponsor and clinical research or-
ganization teams, were blinded. To preserve blinding, site per-
sonnel present in the dosing room during the acute psyche-
delic effects were not permitted to conduct outcome measures.

To assess intranasal mebufotenin benzoate as a mono-
therapy, participants who were taking antidepressants at
screening underwent a supervised washout following local
treatment guidelines, which was completed at least 2 weeks
prior to dosing. Participants received manualized, psychologi-
cal support from qualified facilitators before, during, and af-
ter dosing (eAppendix 6 in Supplement 3).

Key Points
Question Is mebufotenin benzoate nasal spray, a
5-hydroxytryptamine 1A (5-HT1A) and 5-HT2A agonist with a short
psychedelic duration, effective, safe, and well tolerated in patients
with treatment-resistant depression?

Findings In this randomized, double-blind, phase 2b trial of single
doses of 8-mg or 12-mg mebufotenin benzoate nasal spray in 193
adults with treatment-resistant depression, the primary outcome
of change from baseline in the Montgomery-Åsberg Depression
Rating Scale total score at day 29 between the 12-mg dose and a
subperceptual low-dose comparator (0.3 mg) was statistically
significant (mean difference, −5.3 points).

Meaning Mebufotenin benzoate nasal spray demonstrates
potential as an effective, well-tolerated therapy for
treatment-resistant depression with a rapid recovery time.
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On day 1, a single dose of mebufotenin benzoate, 8 mg,
12 mg, or 0.3 mg, was delivered as a single spray into 1 nostril
by a trained clinician using a preloaded Aptar Unidose dry pow-
der intranasal spray device. The dosing session was held in a
private, comfortable, and aesthetically pleasant room, with
a physician in close proximity. Study procedures during and
after dosing are detailed in eAppendix 5 in Supplement 3. Par-
ticipants were assessed for discharge readiness using prespeci-
fied criteria (eAppendix 7 in Supplement 3) every 30 minutes
starting 90 minutes after dosing. The earliest participants could
be discharged was 4 hours after dosing. Follow-up visits to as-
sess efficacy and safety were conducted every 2 weeks from
day 2 (the day after dosing) to day 57.

Efficacy Assessments
Trained, certified raters assessed all outcome measures. All
MADRS assessments were conducted remotely by indepen-
dent, centralized, qualified, blinded raters via video call using
the Structured Interview Guide for MADRS24; all MADRS end
points were based on the total score. The primary end point was
the difference in mean change from baseline to day 29 in MADRS
total score (range, 0-60; higher scores indicate more severe de-
pression) between the 12-mg and 0.3-mg doses of intranasal
mebufotenin benzoate. Key secondary end points (in hierar-
chical testing order following the primary end point) were
change from baseline in MADRS score (1) to day 8 between the
12-mg and 0.3-mg dose groups; (2) to day 29 between the 8-mg
and 0.3-mg dose groups; and (3) to day 8 between the 8-mg and
0.3-mg dose groups. Additional end points included change from
baseline in MADRS score for all remaining time points; percent-
age of responders (≥50% reduction in MADRS score), percent-
age of remitters (MADRS score ≤10); change from baseline in
CGI-S, Quality of Life in Depression Scale (QLDS), and 16-Item
Quick Inventory of Depressive Symptomatology–Self-Report
(QIDS-SR-16) scores; subjective experience and its relationship
to outcomes; expectancy and its relationship to outcomes; and
adequacy of blinding (eAppendix 8 in Supplement 3).

Safety Assessments
Adverse event data were collected from the time of consent
to the last visit and graded by investigators for severity, seri-
ousness, and relationship to the study drug. Adverse events
occurring after dosing were deemed treatment-emergent ad-
verse events (TEAEs) and classified as drug related if there was
a reasonable possibility in the investigator’s opinion that the
study drug or procedure caused the event. Suicidality was as-
sessed using the Columbia–Suicide Severity Rating Scale at ev-
ery visit. Laboratory assessments, physical examinations (in-
cluding nasal site assessment), 12-lead electrocardiogram, and
vital sign measurement were performed throughout the study
(see schedule of assessments in Section 7.1 of the trial proto-
col [Supplement 1]).

Statistical Analysis
The statistical analysis plan is available in Supplement 2. The
study was designed with 80% power to detect a treatment dif-
ference of 6 points on the MADRS, with a common SD of 12
points, between the 12-mg and 0.3-mg dose groups,25 using

a 2-group t test with an α = .05 and accounting for a dropout rate
of 15% or less. Efficacy analyses were performed on the pri-
mary analysis set; safety analyses were performed on the safety
analysis set (defined in eAppendix 9 in Supplement 3).

Primary, key secondary, and select secondary end points
were analyzed using a mixed-effects model for repeated mea-
sures (eAppendix 9 in Supplement 3). A prespecified sensitiv-
ity analysis by randomization scheme was performed to as-
sess the impact of the change in randomization on the primary
end point. The correlation between predose treatment expec-
tancy and MADRS score change from baseline to day 29 was
analyzed using Pearson correlation coefficients. Percentage of
responders and remitters, adequacy of blinding, and safety out-
comes were summarized using descriptive statistics.

To account for type I error, a hierarchical testing proce-
dure was applied for the primary and key secondary end points
and continued until the first nonsignificant test was ob-
served, with all testing performed at a 2-sided α = .05 level.
Analyses for other secondary end points were not adjusted for
multiple comparisons.

Statistical analyses were performed using SAS version 9.4
(SAS Institute Inc).

Results
Participants
Of the 443 participants enrolled, 247 had screening failures and
193 were randomized and included in the primary analysis and
safety analysis sets (intranasal mebufotenin benzoate dose
groups: 8 mg, n = 46; 12 mg, n = 73; 0.3 mg, n = 74) (Figure 1).
The dropout rate was low (19/193 [9.8%]); the most common
reason was participant withdrawal (8 mg, n = 2 [40.0%]; 12 mg,
n = 3 [75.0%]; 0.3 mg, n = 10 [100.0%]). No participants with-
drew due to adverse events.

Demographics and baseline clinical characteristics were
generally well balanced across groups (Table 1). Mean base-
line measures were, for MADRS total score, 31.8 (SD, 5.8), time
since major depressive disorder diagnosis, 13.4 (SD, 9.9) years,
duration of current depressive episode, 2.6 (SD, 2.7) years, and
number of failed antidepressants in the current episode, 2.3
(SD, 0.6). Twelve participants started antidepressants during
the study (8 mg, n = 3; 12 mg, n = 6; 0.3 mg, n = 3). Six partici-
pants (3.1%) reported previous exposure to psychedelic drugs
as part of their medical history.

Efficacy
All primary and key secondary end points were met. There was
a statistically significant and clinically relevant difference in
change from baseline in MADRS scores between the 12-mg and
0.3-mg dose groups and between the 8-mg and 0.3-mg dose
groups, from the first (day 2) to last (day 57) assessment, in-
cluding day 29. The least-squares mean difference in the
MADRS score change from baseline to day 29 between
the 12-mg dose and the 0.3-mg dose (the primary end point)
was −5.3 (95% CI, −8.9 to −1.8; P = .003); the least-squares mean
difference in the MADRS score change from baseline to day
29 between the 8-mg dose and the 0.3-mg dose was −6.2
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(95% CI, −10.2 to −2.1; P = .003) (Figure 2A-D and Table 2).
Figure 2E shows observed MADRS change scores at day 29 and
eFigure 1 in Supplement 3 shows observed MADRS scores at
each time point. Sensitivity analysis of the MADRS day 29 data
showed no appreciable outcome differences between random-
ization schema (eFigure 2 in Supplement 3). When antidepres-
sant washout status was included as a covariate in the analy-
sis, washout status was not associated with the primary efficacy
outcome (P > .99).

Responder rates at each time point were similar for both
active doses and were numerically greater than the 0.3-mg dose
group; at day 29, the remitter rate was numerically greater in
the 8-mg dose group (26%) vs the 12-mg (18%) and 0.3-mg (8%)
dose groups (Table 3). Significant improvements in symp-
toms of depression assessed by the CGI-S, QLDS, and QIDS-
SR-16 were observed for the 8-mg and 12-mg dose groups vs
the 0.3-mg dose group at all time points, except the QIDS-
SR-16 at days 29 and 57 for the 8-mg vs 0.3-mg dose compari-
son (Figure 2 and Table 2).

After dosing on day 1, the mean total Mystical Experience
Questionnaire (MEQ-30) score was higher with the 8-mg and
12-mg doses (2.4 [SD, 1.4] and 2.6 [SD, 1.3], respectively) vs the
0.3-mg dose (0.4 [SD, 0.6]) (eFigure 3 in Supplement 3). There
was no evidence of a correlation between MEQ-30 total score
on day 1 and change from baseline in MADRS score at day 29
(eFigure 4 in Supplement 3), nor was there a correlation be-
tween positive or negative expectancy and change from base-
line in MADRS score at day 29 (eTable 1 in Supplement 3). Re-
sults from the Bang Blinding Index indicated significant degrees
of functional unblinding of clinicians and participants; how-

ever, blinding was more preserved for the independent exter-
nal MADRS raters (eFigure 5 in Supplement 3).

Safety
Treatment-emergent adverse events were reported by 76.1%
of participants in the 8-mg, 84.9% in the 12-mg, and 73.0% in
the 0.3-mg dose groups (Table 4). Across all groups, most TEAEs
were mild or moderate (739/741 events [99.7%]). Two severe
TEAEs of panic attack were reported by 1 participant in the
12-mg dose group, which were deemed related to the study
treatment. Most TEAEs in the 8-mg (72%) and 12-mg (78%) dose
groups occurred on the day of dosing (Table 4) and resolved
within 24 hours (74% and 78%, respectively). Overall, the most
common TEAEs were headache (29.5%), nausea (23.8%), and
administration site pain (15.5%) (eTable 2 in Supplement 3).
Drug-related TEAEs were more common in the 12-mg (82.2%)
than the 8-mg (69.6%) and 0.3-mg (33.8%) dose groups
(eTable 2 in Supplement 3). Two serious TEAEs (deemed not
related to study treatment) were reported by 1 participant each
in the 8-mg and 0.3-mg dose groups (eTable 2 in Supple-
ment 3). No suicidal behavior occurred during the trial and all
TEAEs of suicidal ideation in the 8-mg and 12-mg dose groups
were without intent and reported in participants with a his-
tory of suicidal ideation (eTable 3 in Supplement 3). Of the 8
drug-related TEAEs of suicidal ideation without intent, 1 oc-
curred in the 8-mg dose group, 4 (2 events in 2 participants)
occurred in the 12-mg dose group, and 3 occurred in the 0.3-mg
dose group; all were mild or moderate.

No clinically significant changes in laboratory test find-
ings were observed. Transient postdose increases in heart

Figure 1. Flow Diagram of Participants in a Trial of Single Administration of Intranasal Mebufotenin Benzoate
for Treatment-Resistant Depression

443 Adults aged ≥18 y with major
depressive disorder screened

247 Excludeda

205 Did not meet inclusion criteriab

27 Withdrawal of consent
3 Principal investigator decision 
2 Protocol deviation
1 Adverse event
9 Other reasons

196 Randomizedc

46 Randomized to receive intranasal
mebufotenin benzoate, 8 mg
46 Received intervention as

randomized

74 Randomized to receive intranasal
mebufotenin benzoate, 12 mg 
73 Received intervention as

randomized
1 Randomized in error (did not

receive treatment)d

76 Randomized to receive intranasal
mebufotenin benzoate, 0.3 mg
74 Received intervention as

randomized
2 Randomized in error (did not

receive treatment)d

46 Included in the primary analysis
and safety analysis sets

73 Included in the primary analysis
and safety analysis sets

74 Included in the primary analysis
and safety analysis sets

41 Completed core study
2 Participant withdrawal
2 Lost to follow-up
1 Protocol deviation

69 Completed core study
3 Participant withdrawal
1 Lost to follow-up

64 Completed core study
10 Participant withdrawal

aSeven participants were initially
excluded and were enrolled after
rescreening (participants were
permitted to repeat the full screening
process only once).
bDetailed reasons for exclusion were
not maintained.
cRandomization was stratified by
region (US or rest of world).
dTwo participants randomized in
error did not meet predose blood
pressure requirements; 1 participant
was lost to follow-up after predose
illness.
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rate and blood pressure occurred, but levels returned to the
reference range within 1 hour of dosing (eFigure 6 in Supple-
ment 3). Most participants (85% in the 8-mg dose group
and 78% in the 12-mg dose group) were deemed ready for
discharge no more than 2 hours after dosing (eTable 4 in
Supplement 3).

Discussion

To our knowledge, this trial is the largest and most robust study
of mebufotenin in adults with treatment-resistant depression
to date. A single intranasal administration of mebufotenin

Table 1. Baseline Participant Characteristics

Characteristics

Intranasal mebufotenin benzoate dose

8 mg (n = 46) 12 mg (n = 73) 0.3 mg (n = 74)
Sex, No. (%)

Female 27 (58.7) 43 (58.9) 44 (59.5)

Male 19 (41.3) 30 (41.1) 30 (40.5)

Age, mean (SD), y 40.6 (12.1) 41.2 (10.6) 41.0 (11.2)

No. (%)

18-64 44 (95.7) 72 (98.6) 73 (98.6)

65-84 2 (4.3) 1 (1.4) 1 (1.4)

Country/region, No. (%)

Poland 13 (28.3) 18 (24.7) 18 (24.3)

US 11 (23.9) 22 (30.1) 22 (29.7)

Germany 10 (21.7) 14 (19.2) 14 (18.9)

Australia 7 (15.2) 8 (11.0) 6 (8.1)

UK 4 (8.7) 7 (9.6) 6 (8.1)

Spain 1 (2.2) 4 (5.5) 8 (10.8)

Ethnicity, No. (%)a

Hispanic or Latino 3 (6.5) 3 (4.1) 6 (8.1)

Not Hispanic or Latino 43 (93.5) 70 (95.9) 68 (91.9)

Race, No. (%)a

Asian 3 (6.5) 5 (6.8) 3 (4.1)

Black or African American 5 (10.9) 1 (1.4) 4 (5.4)

White 38 (82.6) 66 (90.4) 67 (90.5)

Multiple 0 1 (1.4) 0

Clinical history of depression
and baseline severity

Severity of depression, No. (%)b

Moderate (MADRS score 20-34) 32 (69.6) 47 (64.4) 52 (70.3)

Severe (MADRS score ≥35) 11 (23.9) 26 (35.6) 22 (29.7)

Time since diagnosis, median (IQR), y 10.2 (5.1-17.0) 12.0 (6.4-20.0) 9.8 (6.2-20.0)

No. of lifetime episodes, median (IQR) 4.0 (3.0-5.0) 3.0 (3.0-5.0) 3.0 (2.0-5.0)

Duration of current episode, median (IQR), y 1.7 (0.6-3.0) 1.4 (0.6-3.3) 2.0 (1.0-4.2)

MADRS total score, mean (SD)b 31.1 (6.7) 32.5 (5.1) 31.7 (5.9)

QIDS-SR-16 score, mean (SD)c 15.9 (3.7) 16.7 (3.3) 17.2 (3.2)

QLDS score, mean (SD)c 19.8 (4.2) 19.7 (4.0) 20.0 (4.2)

CGI-S score, mean (SD)d 4.5 (0.5) 4.6 (0.6) 4.8 (0.6)

Comorbid psychiatric disorders
(>10% in any group), No. (%)

Insomniae 6 (13.0) 11 (15.1) 9 (12.2)

Attention-deficit/hyperactivity disorder 4 (8.7) 7 (9.6) 10 (13.5)

Anxietye 5 (10.9) 8 (11.0) 5 (6.8)

Drug exposure

Previous exposure to psychedelic drugs,
No. (%)e,f

2 (4.3) 7 (9.7) 1 (1.4)

No. of failed antidepressant drugs in current
episode, median (IQR)

2.0 (2.0-3.0) 2.0 (2.0-2.0) 2.0 (2.0-3.0)

Antidepressant drug washout during screening,
No. (%)

31 (67.4) 49 (67.1) 46 (62.2)

Abbreviations: CGI-S, Clinical Global
Impression–Severity; MADRS,
Montgomery-Åsberg Depression
Rating Scale; QIDS-SR-16, 16-Item
Quick Inventory of Depressive
Symptomatology–Self-Report; QLDS,
Quality of Life in Depression Scale.
a To ascertain sample representation of

the treatment-resistant depression
population, race and ethnicity were
investigator observed using fixed
categories; multiple race selections
were possible. There were no
participants observed to have
American Indian or Alaska Native
race or Native Hawaiian or
Other Pacific Islander race.

b The MADRS, a diagnostic
depression severity score, was
assessed by an independent central
rater. The total score range is 0-60;
higher scores indicate more severe
depression.

c The QIDS-SR-16 and QLDS are
self-rated assessments of
depression symptom severity and
impact, respectively. The
QIDS-SR-16 total score range is 0-27
and the QLDS total score range is
0-34; higher scores indicate more
severe depression and worse quality
of life, respectively.

d The CGI-S is an investigator-
assessed measure of overall illness
severity, calculated by comparing
the current condition with that at
screening. The CGI-S total score
range is 0-7; higher scores indicate
more severe illness.

e Reported in participants’ medical
history.

f Psychedelic drugs included lysergic
acid diethylamide, psilocybin,
dimethyltryptamine, mescaline, and
other therapeutic products.
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Figure 2. Line Graphs and Box-and-Whisker Plot for Change From Baseline in MADRS, CGI-S, QLDS, and QIDS-SR-16 Assessments
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benzoate (8 mg or 12 mg) resulted in rapid, robust, and durable
reductions in depressive symptoms compared with a low-
dose comparator. Improvements in MADRS score were statis-
tically significant at all time points from 1 day to 8 weeks post
dose. Moreover, the control-adjusted reductions in MADRS score
for 8 mg and 12 mg of intranasal mebufotenin benzoate at day
29 are consistent with those reported in the largest trial of
psilocybin in treatment-resistant depression reported to
date26 and similar or favorable to available treatment options,
including transcranial magnetic stimulation and intranasal
esketamine.27,28 Results from a recent phase 2b trial show that
an inhaled mebufotenin formulation produced rapid, signifi-
cant improvements in depression symptoms at day 8 relative
to placebo.29

Control-adjusted improvement in MADRS with the 8-mg
and 12-mg doses of intranasal mebufotenin benzoate contin-
ued to increase from 1 day to 4 weeks post dose, contrasting
with the peak antidepressant effect observed in randomized
clinical trials of psilocybin and intranasal esketamine by 24
hours post dose.26,27 Moreover, neither active dose of intra-
nasal mebufotenin benzoate showed noticeable attenuation
in their control-adjusted difference in MADRS at 8 weeks,
indicating that the duration of antidepressant efficacy
may persist beyond this time frame. The durability of the
response to intranasal mebufotenin benzoate will be fur-
ther evaluated in phase 3 studies with a longer duration of
follow-up.

Response and remission rates were higher in both active
groups vs the low-dose comparator group at all time points;
at day 29 in the 8-mg dose group, about a third of participants
were responders and a quarter were in remission. Lower re-
mission rates with the 12-mg dose may reflect a tolerability
trade-off. Additionally, the significant improvements in out-
comes assessing global severity (CGI-S) and quality of life
(QLDS) across all time points for both active doses indicate ben-
efits beyond symptom reduction, including functional recov-
ery—a treatment goal considered important by patients with
treatment-resistant depression.30

Intranasal mebufotenin benzoate was generally safe and
well tolerated, with a safety profile in line with previous re-

ports of mebufotenin in humans.22,29,31 Adverse events were
overwhelmingly mild to moderate, transient, and occurred on
the day of dosing. Some dose-related adverse events, includ-
ing nausea, anxiety, and panic attack, occurred more fre-
quently with the 12-mg dose. Consistent with previous
reports,22 other psychedelics in the same class,29,32 and
esketamine,33 transient increases in blood pressure and heart
rate were observed and resolved within 1 hour without inter-
vention. No suicide-related safety signals were observed in the
active treatment groups. Although both active doses had com-
parable efficacy and durability, the 8-mg dose had a more op-
timal balance of efficacy and safety, supporting its selection
for phase 3 evaluation.

A key distinguishing feature of intranasal mebufotenin
benzoate is the brief duration of the acute psychedelic
experience.20-22 In this study, two-thirds of participants were
deemed ready for discharge at the 90-minute postdose assess-
ment, which required confirmation that any acute psyche-
delic effects had subsided. This rapid return of dosed partici-
pants to baseline, together with infrequent dosing indicated
by the long antidepressant durability after a single dose, can
offer important potential advantages for patients and clini-
cians compared with treatment options currently available or
in advanced stages of development; esketamine and transcra-
nial magnetic stimulation require frequent retreatment,34,35

and psilocybin and LSD require 4 to 12 hours of monitoring due
to longer acute subjective effects.16,18,26 Mechanistically, the
comparable efficacy and durability of response of intranasal
mebufotenin benzoate to psychedelic compounds with lon-
ger half-lives and duration of acute psychedelic effects, de-
spite its shorter duration of psychedelic experience, is hypoth-
esized to be associated with its potent agonism of 5-HT1A

alongside 5-HT2A.36 Although there is evidence to suggest
that the subjective experience is a predictor of therapeutic
outcomes with other psychedelics,37-39 we found no evi-
dence of a correlation between the acute subjective effects of
intranasal mebufotenin benzoate and change in MADRS score
at day 29. This might indicate that alternative therapeutic
mechanisms of action drive the observed improvements in
symptoms20,22 or that the MEQ-30 scale is not well suited for

Table 3. MADRS Responders and Remittersa

Intranasal mebufotenin benzoate dose, No. (%)

8 mg (n = 46) 12 mg (n = 73) 0.3 mg (n = 74)
Day 2

Responders 10 (21.7) 17 (23.3) 4 (5.4)

Remitters 7 (15.2) 8 (11.0) 3 (4.1)

Day 8

Responders 15 (32.6) 24 (32.9) 10 (13.5)

Remitters 12 (26.1) 11 (15.1) 6 (8.1)

Day 29

Responders 16 (34.8) 25 (34.2) 9 (12.2)

Remitters 12 (26.1) 13 (17.8) 6 (8.1)

Day 57

Responders 13 (28.3) 23 (31.5) 8 (10.8)

Remitters 12 (26.1) 14 (19.2) 6 (8.1)

a Responders were defined as
participants with a �50% reduction
in Montgomery-Åsberg Depression
Rating Scale (MADRS) total score vs
baseline and remitters were defined
as participants with a MADRS total
score �10. The MADRS, a diagnostic
depression severity score, was
assessed by an independent central
rater. The total score range is 0-60;
higher scores indicate more severe
depression.
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assessing the entire spectrum of acute subjective effects of
mebufotenin.

Limitations
Several limitations warrant consideration. First, functional un-
blinding is an inherent limitation of clinical trials involving psy-
chedelics, wherein the psychoactive effects, although vari-
able between participants, may be recognized.40 Although the
use of a low-dose comparator was intended to improve blind-
ing, participants and clinicians were largely able to guess the
treatment assignment; however, blinding was maintained for
the centralized raters, and participants’ pretreatment expec-
tancy was not correlated with MADRS score changes. Future
research will address this limitation with the inclusion of a mid-
dose of intranasal mebufotenin benzoate, which was shown
in a phase 1 study to be perceptible but with a less intense sub-
jective effect than the 8-mg dose.21 As well as helping to con-
trol functional unblinding, inclusion of this mid-dose should
allow for a more robust assessment of the dose-response ef-
fect to support selection of 8 mg as the most appropriate thera-
peutic dose.

Second, as the randomization ratio was altered to priori-
tize the primary end point, the reduced sample size of the 8-mg
dose group may have limited the statistical power to detect sig-
nificant differences in secondary patient-reported outcomes,
such as the QIDS-SR-16, at later time points. The observed di-
vergence between the MADRS and QIDS-SR-16 results at some
time points might be due to psychometric limitations.41

Third, as intranasal mebufotenin benzoate was devel-
oped as a monotherapy, participants taking antidepressants at
screening were required to discontinue those medications,

which has the potential to induce withdrawal symptoms and
recurrence of depression42 and might not reflect future clini-
cal practice, if sufficient safety data will be available.43 None-
theless, results from the ad hoc analysis of the primary out-
come by washout status indicated that treatment effects were
consistent between those who washed out antidepressants and
those who did not.

Fourth, as is common across recent trials of psyche-
delics,29,44,45 there was a lack of diverse ethnic representa-
tion in this study. Additionally, the trial population may un-
derrepresent more severely treatment-resistant patients.
Fifth, prior psychedelic exposure (identified through medi-
cal history) was potentially underreported. Sixth, the poten-
tial impact of psychological support on study outcomes was
not evaluated.

Conclusions
In this largest and most robust randomized clinical trial of
mebufotenin to date, a single administration of intranasal
mebufotenin benzoate, 8 mg or 12 mg, in adults with treatment-
resistant depression was generally safe and well tolerated
and produced a robust antidepressant effect that emerged 1
day after dosing and was largely maintained to 8 weeks. The
rapid postdose recovery time and therapeutic efficacy and
durability of intranasal mebufotenin benzoate could increase
patient acceptability while reducing health care resource
utilization. Moreover, these findings suggest that a pro-
longed psychedelic effect is not required for durable antide-
pressant efficacy.
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