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Background
Improvement of mindfulness- and compassion-related capabili-
ties through different forms of meditation practices can lead to 
better psychological well-being (Brown and Ryan, 2003; Coffey 
et al., 2010; Goldberg et al., 2022; Khoury et al., 2013; Reangsing 
et al., 2021). Meditation practice needs time, commitment, and 
motivation, which is often limited in patients with mood disor-
ders (e.g., depression, bipolar disorder, anxiety, and addiction 
disorders). Therefore, rapid-acting, safe, and efficacious thera-
pies that increase mindfulness could help patients to better deal 
with those mental disorders. From a psychotherapeutic perspec-
tive, meditation and mindfulness practice became a central ele-
ment of the so-called third wave of cognitive behavioral therapies. 
Programs like acceptance and commitment therapy, mindfulness-
based cognitive therapy (MBCT), mindfulness-based stress 
reduction, or compassion-focused therapy (CFT) facilitate com-
petences like observing, non-reacting, decentering, and self-com-
passion (see methods) and are promising approaches for the 
treatment of anxiety, depression, and pain (Goyal et  al., 2014; 
Pots and Chakhssi, 2022).

The recent resurgence of psychedelic research (Tullis, 2021) 
has brought forth promising results in the treatment of mood and 
anxiety disorders (Carhart-Harris et al., 2016, 2021; Gasser et al., 

2015; Gukasyan et  al., 2022; von Rotz et  al., 2023). Several  
systematic reviews and meta-analyses have been conducted, 
showing the promising potential of psychedelic-assisted therapies 
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(Andersen et al., 2021; Ko et al., 2023; Luoma et al., 2020; Reiff 
et al., 2020; Romeo et al., 2021). Notably, the indigenous plant 
medicine ayahuasca shows a rapid antidepressant action in 
patients with treatment-resistant depression in placebo-controlled 
trials (Palhano-Fontes et al., 2019; Zeifman et al., 2019). General 
improvement of mental health is frequently reported by experi-
enced ayahuasca users (Sarris et al., 2021), especially enhance-
ment of emotional empathy due to both pharmacological and 
non-pharmacological (e.g., ceremonial setting) factors (Uthaug 
et al., 2021). Improved outcome measures in clinically depressed 
patients (van Oorsouw et al., 2022) as well as increased mindful-
ness-related and self-compassion capabilities in healthy subjects 
(Domínguez-Clavé et al., 2016; Soler et al., 2016) after ingestion 
of ayahuasca or ayahuasca analogues have been found. These 
findings are well in line with other serotonergic psychedelics that 
showed potential to enhance mindfulness, alongside positive 
effects on prosocial behaviors and empathy for others (Jungaberle 
et al., 2018).

The molecule N,N-dimethyltryptamine (DMT) is the main 
psychoactive compound in ayahuasca and shares a structural 
similarity with the 5-HT2A receptor agonist psilocybin 
(O-phosphoryl-4-hydroxy-N,N-dimethyltryptamine) and the 
endogenous neurotransmitter serotonin (5-hydroxytryptamine). 
Unlike other psychedelics, DMT has been found in the brain of 
rats (Dean et al., 2019) and seems to be endogenously produced 
in humans (Barker, 2022; Barker et al., 2012; Franzen and Gross, 
1965; Kärkkäinen et al., 2005). However, it is still unclear what 
the physiological role of DMT is (e.g., under which circum-
stances it is being produced) and if it reaches sufficient brain con-
centrations to produce any subjective effects in humans. 
Nonetheless, DMT is widely spread throughout nature in around 
60 identified plants, for example, in Psychotria viridis, 
Diplopterys cabrerana, or Mimosa hostilis/tenuiflora, which are 
part of the indigenous plant medicine ayahuasca and have been 
used in rituals and ceremonies for centuries (Frecska et al., 2016). 
As DMT is quickly degraded by the enzyme monoamine oxidase 
A (MAO-A) when orally administered, only the presence of an 
MAO-inhibitor (MAO-I) leads to intensified lasting effects. 
Banisteriopsis caapi, known as “vine of the souls,” is the plant in 
ayahuasca containing MAO-inhibiting beta-carbolines like 
harmine, harmaline, and tetrahydroharmine. Their names derive 
from the plant Peganum harmala, which also contains beta-car-
bolines and is postulated to be the main ingredient of the Eurasian 
concoction Soma or Hoama (Clark, 2019; Flattery and Schwartz, 
1989), which also has been used on the Eurasian continent for 
millennia (Glennon, 1981; Sanches et al., 2016; Youdim et al., 
2006). Harmine has, like many other MAO-I inhibitors, some 
nonspecific serotonergic effects by elevating serotonin levels in 
the synaptic cleft (Herraiz et al., 2010). Notably, MAO-I such as 
iproniazid and moclobemide were used as the first medication 
treatments for depression since the 1950s (López-Muñoz et al., 
2007).

The pharmacological and non-pharmacological mechanisms 
of action of ayahuasca and DMT-based formulations remain 
poorly understood. The ingestion of ayahuasca induces an altered 
state of consciousness (lasting 2–5 h) that shares a similarity to 
dream-like states with elevated introspective awareness (Riba 
et al., 2001) and changed perspectives on thoughts and feelings 
comparable to mindfulness-based training outcomes (Baer et al., 
2006). This, in turn, may support certain forms of detachment 

from maladaptive thoughts or emotions, also called “decenter-
ing,” which is a core feature of the therapeutic potential of mind-
fulness practices (Fresco et al., 2007).

According to Grossman, 2008 (2011) and Van Dam et  al. 
(2018), mindfulness is a complex construct and difficult to meas-
ure (low reliability). It is therefore suggested that the measure-
ment of compassion could be more accurate, precise, and reliable 
(Gu et al., 2020). Compassion in this work is clearly defined by 
five subdimensions, namely recognizing suffering, understand-
ing the universality of suffering, feeling for the person suffering, 
tolerating uncomfortable feelings, and motivation to act/acting to 
alleviate suffering (see methods). CFT (Gilbert, 2014; Pots and 
Chakhssi, 2022) is a recently developed therapeutic approach 
that is particularly suited for individuals characterized by the ten-
dency to negatively evaluate and judge aspects of the self. Several 
meta-analyses demonstrate efficacy for compassion-based inter-
ventions in various (non)-clinical populations with moderate to 
large effects on depression and well-being (Kirby et  al., 2017; 
Millard et al., 2023; Wakelin et al., 2022; Wilson et al., 2019). 
Hence, self-compassion and compassion with others may pro-
vide a valuable resource to cope with difficult emotions and 
thoughts during psychedelic experiences and to reduce suffering 
in clinical populations.

This study aimed to evaluate mindfulness- and compassion-
related capabilities after the intake of an ayahuasca-inspired for-
mulation containing intranasal DMT and sublingual harmine 
(DMT/HAR) compared to harmine alone (HAR) and placebo 
(PLA) in healthy subjects using a double-blind, placebo-con-
trolled, randomized trial design. We expected to find a significant 
increase in mindfulness (MINDSENS), self-compassion 
(SOCS-S), and compassion with others (SOCS-O) after the 
DMT/HAR intervention, with less pronounced effects in the 
HAR condition compared to PLA. We expected these effects to 
be stronger for high versus low responders to DMT/HAR (high- 
vs low-sensitivity group).

Methods

Study design

The trial applied a double-blind, randomized, placebo-con-
trolled, within-subjects study design in 31 healthy subjects 
with three conditions: (1) DMT + harmine (DMT/HAR), (2) 
placebo + harmine (HAR), and (3) placebo + placebo (PLA). 
An overview of the study design with the timepoints, interven-
tions, and assessments relevant for this publication is shown in 
Figure 1.

Setting

The study was conducted during the daytime in the rooms of the 
Human Sleep Laboratories. The soundproof and temperature-
controlled rooms were set up in a comfortable living room atmos-
phere and equipped with dimmable lights and a sound system 
(see Supplemental Figure 4). Technical monitoring and measur-
ing devices were installed. Throughout all study days, a standard-
ized playlist containing non-stimulating background music was 
played to provide a feeling of comfort and relaxation. It was an 
individual setting with one participant in the room. A medically 
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trained experimenter was present all the time to supervise the 
participants.

Study drug

We explored novel parenteral administration routes and delivery 
mechanisms, specifically designed to deliver purified forms of 
harmine and DMT, extracted from the plant Mimosa hostilis/ten-
uiflora. DMT in combination with harmine or other pharmaco-
logical MAO inhibitors is commonly called ayahuasca-analogue 
or pharmahuasca. To bypass the shortcomings of oral adminis-
tration, like nausea and vomiting, harmine was provided as oro-
dispersible tablets (ODTs) for buccal delivery, whereas DMT 
was formulated as an intranasal spray solution to enable an incre-
mental dosing of the psychotropic compound and to standardize 
the bioavailability (Dornbierer et al., 2023). Analogous placebo 
formulations (ODT and intranasal spray with comparable texture 
and taste) were administered.

Thirty minutes after administration of harmine HCl (100 mg; 
mg/kg body weight: M = 1.298, 1.075–1.667; this is below maxi-
mum tolerated dose found in Ables et al., 2024 for oral harmine) 
or placebo, respectively, the repeated intermittent dosing of DMT 
or placebo was initiated with a total of 100 mg DMT in intervals 
of 15 min (10 mg each timepoint) over a period of 150 min. 
Overall, this was experienced as a moderate dose (Aicher et al., 
2024). In case of tolerability issues, participants had the possibil-
ity to discontinue DMT administration and potentially continue 
at the next time point. The option to skip a dose was chosen only 
twice over the full study. Only a few and small side effects were 
observed and are reported in Mueller, Aicher and Dornbierer 
et al. (2025).

Participants and permissions

A total of 37 healthy male participants were recruited after a thor-
ough medical and psychological screening day. Six dropped out 
(four before the first intervention day, two after the first 

intervention day; they decided not to participate further because 
of the time commitment); drop-outs were replaced. In all, 31 par-
ticipants (25.39 ± 4.21 years) completed all three intervention 
days and were considered for the analysis. The following criteria 
were required for inclusion: (i) age 20–40, (ii) BMI 18.5–30, (iii) 
male sex to avoid the potential impact of menstrual cycle on 
blood chemistry—because of blood chemistry analyses reported 
elsewhere (Mueller, Aicher and Dornbierer, 2025), (iv) no cur-
rent or previous history of somatic, neurological, or psychiatric 
disorder, assessed during medical and psychiatric screening, (v) 
no family history of psychosis, bipolar, or other severe psychiat-
ric disorders, (vi) no acute or chronic medication intake that 
could interact with the study drug, and (vii) no current or regular 
drug intake. A detailed overview of the demographics of partici-
pants, including their previous drug experience and their motiva-
tion to participate in the study, can be found in Supplemental 
Tables 1–4. Participants received monetary compensation (320.- 
CHF ≅ € total, or 60.- CHF ≅ € per completed intervention day). 
All participants provided written informed consent according to 
the Declaration of Helsinki.

Outcome measures

The following questionnaires were applied:
The MINDSENS Composite Index (MCI; Soler et al., 2014) 

consists of 10 items of the Five Facet Mindfulness Questionnaire 
(FFMQ) (Baer et  al., 2006) and nine items of the Experiences 
Questionnaire (EQ; Fresco et  al., 2007). The 19 items of the 
FFMQ and EQ that discriminated best between daily meditation 
practitioners and non-meditators were selected for the 
MINDSENS Composite Index. Examples of the subgroups are as 
follows: observing “I pay attention to how my emotions affect 
my thoughts and behavior,” non-reacting “When I have distress-
ing thoughts or images, I am able just to notice them without 
reacting,” and decentering “I have the sense that I am fully aware 
of what is going on around me and inside me.” Decentering is 
defined as the capacity to step outside one’s personal perspective 

Figure 1.  Study plan overview.
Overview of the double-blind crossover RCT study design with the timepoints, interventions, and assessments. Each participant got all three interventions, DMT/HAR 
(DMT + harmine), HAR (harmine + placebo), and PLA (placebo + placebo), on three different intervention days in a randomized order. The washout period between inter-
vention days was at least 2 weeks. The main outcome measures (MCI, SOCS-S, and SOCS-O) were assessed at baseline and 1 day after each intervention day.
MCI: MINDSENS composite index (mindfulness); SOCS-S: Sussex Oxford compassion scale (self-compassion subscale); SOCS-O: Sussex Oxford compassion scale (compassion 
with others subscale).
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of a lived experience and to disidentify from the content of 
thoughts.

The Sussex Oxford Compassion Scale (SOCS; Gu et al., 2020) 
defines compassion through five dimensions: (a) Recognizing 
suffering, (b) understanding the universality of suffering, (c) feel-
ing for the person suffering, (d) tolerating uncomfortable feel-
ings, and (e) motivation to act/acting to alleviate suffering.

The questionnaire consists of a 20-item scale for others 
(SOCS-O) and a 20-item scale for self (SOCS-S). Scores on both 
scales show adequate internal consistency, interpretability, floor/
ceiling effects, and convergent and discriminant validity. The 
items are scored on a 5-point Likert-type scale, ranging from 
never to all the time. Time points were baseline, 24 h after the 
experience, 1-month follow-up, and 4-month follow-up.

Statistical analyses

The data were analyzed with R Studio version 2021.09.2+382 
(RStudio Team, 2019). The main subjective outcome measures 
were mindfulness (measured with the MCI), self-compassion 
(measured with the SOCS-S), and compassion with others (meas-
ured with the SOCS-O). According to a median split of the maxi-
mum subjective intensity ratings in the DMT/HAR conditions, 
participants were grouped into low versus high sensitivity to  
the study drug. For our hypotheses concerning the main subjective 
outcome measures, (generalized) linear mixed models  
(estimated using REML and nloptwrap optimizer) were fitted with 
the R lme4 package (Bates et  al., 2015) to predict the outcome 
measures with drug condition (DMT/HAR, HAR, PLA) and sensi-
tivity (high vs low) and the interaction of drug and sensitivity. By 

fitting the models on a standardized version of the dataset, stand-
ardized parameters were obtained. A type III repeated measures 
analysis of variance with Satterthwaite’s method table was pro-
duced to detect the main and interaction effects. Post hoc pairwise 
analyses to explore the significant effects were performed using 
the emmeans package (Lenth et al., 2021). Degrees of freedom (df) 
were calculated with the Kenward–Roger method. The signifi-
cance level was set to 0.05. Benjamini–Hochberg correction for 
multiple comparisons was applied.

Results

Mindfulness per condition

Results on the MCI global score and all subscales are shown in 
Table 1. In the following subsection, the results for the global score 
are described. The results of the global score by drug condition, 
grouped by sensitivity to the drug, are visualized in Figure 2. A 
notable number of observations (n = 91, groups: P, 31) were mod-
eled. Visualization of results for the subscales (observing, non-
reacting, decentering) can be found in Supplemental Figure 1.

MCI global score

The model’s total explanatory power was substantial (conditional 
R2 = 0.86), and the part related to the fixed effects alone (marginal 
R2) was 0.19. A significant main effect of drug (F(2, 56.19) = 3.41, 
p = 0.04), a significant main effect of sensitivity (F(1, 29.08) = 6.54, 
p = 0.016), and a significant interaction of drug and sensitivity 
(F(2, 56.19) = 7.87, p < 0.001) were found.

Table 1.  Mindfulness (MCI) and compassion (SOCS) by drug condition and sensitivity to the drug.

Scale Subscale Drug condition main effect Sensitivity main effect Drug condition*  
sensitivity interaction

F-value p-Value F-value p-Value F-value p-Value

MINDSENS Global score 3.41 0.040 6.54 0.016 7.87 <0.001
Observe 0.68 0.512 6.08 0.020 1.14 0.326
Non-react 8.85 <0.001 3.11 0.088 5.85 0.005
Decentering 2.01 0.144 5.5 0.026 9.11 <0.001

SOCS-S Global score 7.53 0.001 4.21 0.049 4.58 0.014
RS 0.16 0.849 4.25 0.048 0.80 0.456
UUS 3.47 0.038 0.82 0.374 0.07 0.937
FPS 5.11 0.009 2.55 0.121 0.10 0.908
TUF 6.28 0.003 3.15 0.086 3.66 0.032
AMA 3.36 0.042 2.77 0.107 6.56 0.003

SOCS-O Global score 3.37 0.042 4.42 0.044 1.66 0.199
RS 2.72 0.075 5.38 0.028 0.31 0.737
UUS 1.25 0.294 2.02 0.166 0.23 0.792
FPS 1.01 0.372 5.75 0.023 1.62 0.208
TUF 1.27 0.288 1.79 0.191 0.83 0.442
AMA 6.14 0.004 0.99 0.329 1.70 0.192

Note. N = 31. Main effects of drug condition (DMT + harmine vs harmine vs placebo), main effect of sensitivity to the drug (high- vs low-sensitive group of participants 
separated by median split of the maximum subjective intensity rating), and interaction effect of drug and sensitivity on mindfulness (MINDSENS), self-compassion (SOCS-
S), and compassion with others (SOCS-O) are shown.
MCI: MINDSENS composite index; SOCS-S: Sussex Oxford compassion scale self; SOCS-O: Sussex Oxford compassion scale others; RS: recognizing suffering; UUS: under-
standing the universality of suffering; FPS: feeling for the person suffering; TUF: tolerating uncomfortable feelings; AMA: acting or being motivated to act to alleviate 
suffering.
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Post hoc tests revealed that participants showed significantly 
higher levels of MCI in DMT/HAR compared to PLA (Mean dif-
ference (Mdiff) = 0.14, SE = 0.05, df = 56.1, t.ratio = 2.58, p = 0.04). 
There was no significant difference in MCI between DMT/HAR 
and the HAR (p = 0.17), nor between HAR and PLA condition 
(p = 0.35). Post hoc tests revealed significantly higher MCI in the 
high- versus the low-sensitivity group (Mdiff = 0.44, SE = 0.17, 
df = 29, t.ratio = 2.56, p = 0.02).

While the differences between the drug conditions were not dif-
ferent in the low-sensitivity group (DMT/HAR − HAR: p = 0.54; 
DMT/HAR − PLA: p = 0.66; HAR − PLA: p = 0.54), participants in 
the high-sensitivity group reported higher levels of MCI in DMT/
HAR compared to HAR (Mdiff = 0.28, SE = 0.07, df = 56.0, t.
ratio = 3.8, p < 0.001), and in DMT/HAR compared to placebo 
(Mdiff = 0.31, SE = 0.07, df = 56.2, t.ratio = 4.16, p < 0.001), but no 
difference in MCI in HAR compared to PLA (p = 0.69). That is, the 
high-sensitivity group, but not the low-sensitivity group, showed 
significantly greater MCI in DMT/HAR than in HAR and PLA.

Compassion per condition

Results on the global score and subscales of SOCS-S and SOCS-O 
are shown in Table 1. In the following subsection, the results of 

the global score for both scales are described. The results of the 
global score by drug condition grouped by sensitivity are visual-
ized in Figures 3 and 4. A notable number of observations (n = 91, 
groups: P, 31) were modeled. Visualization of results for the sub-
scales (recognizing suffering, understanding the universality of 
suffering, feeling for the person suffering, tolerating uncomforta-
ble feelings, acting, or being motivated to act to alleviate suffer-
ing) are shown in Supplemental Figures 2 and 3.

SOCS-S global score

The model’s total explanatory power was substantial (conditional 
R2 = 0.90), and the part related to the fixed effects alone (marginal 
R2) was 0.14. A significant main effect of drug (F(2, 56.04) = 7.53, 
p = 0.001), a significant main effect of sensitivity (F(1, 
28.96) = 4.21, p = 0.05), and a significant interaction of drug and 
sensitivity (F(2, 56.04) = 4.58, p = 0.014) were found.

Post hoc tests revealed that participants showed significantly 
higher levels of SOCS-S in DMT/HAR (Mdiff = 2.83, SE = 0.84, 
df = 56.1, t.ratio = 3.39, p < 0.01) as well as in HAR (Mdiff = 2.82, 
SE = 0.85, df = 56.1, t.ratio = 3.34, p < 0.01) compared to PLA. 
There was no significant difference in SOCS-S between the 
DMT + harmine and HAR (p = 0.99). Post hoc tests revealed 

Figure 2.  MCI global scores by drug condition and grouped by sensitivity to the drug.
Note. Boxplots with subjective ratings on mindfulness (MCI global score) by drug condition (DMT/HAR, HAR, PLA) and by sensitivity to the drug (high- vs low-sensitive 
group of participants separated by median split of the maximum subjective intensity rating) are shown. The bigger dots indicate statistical outliers. Minimum possible 
value: 1; maximum possible value: 5.
MCI: MINDSENS composite index; SOCS-S: Sussex Oxford compassion scale self; SOCS-O: Sussex Oxford compassion scale others; ns: not significant.
*p < 0.1. **p < 0.05. ***p < 0.01.
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significantly higher SOCS-S in the high- versus the low-sensitiv-
ity group (Mdiff = 6.59, SE = 3.21, df = 29, t.ratio = 2.05, p = 0.05).

While the differences between the drug conditions were 
not different in the low-sensitivity group (DMT/HAR − HAR: 
p = 0.18; DMT/HAR − PLA: p = 0.70; HAR − PLA: p = 0.16), 
participants in the high-sensitivity group reported higher lev-
els of SOCS-S in DMT/HAR compared to placebo 
(Mdiff = 5.19, SE = 1.18, df = 56.1, t.ratio = 4.42, p < 0.001), 
and in HAR compared to PLA (Mdiff = 3.26, SE = 1.18, 
df = 56.1, t.ratio = 2.77, p = 0.01), but no difference in SOCS-S 
between the DMT + HAR and HAR (p = 0.10). That is, the 
high-sensitivity group, but not the low-sensitivity group, 
showed significantly greater SOCS-S both in DMT/HAR and 
in HAR than in PLA.

SOCS-O global score

The model’s total explanatory power was substantial (conditional 
R2 = 0.88), and the part related to the fixed effects alone (marginal 
R2) was 0.13. A significant main effect of drug (F(2, 56.14) = 3.37, 
p = 0.042) and a significant main effect of sensitivity (F(1, 
29.05) = 4.42, p = 0.04) were found. The interaction effect of drug 
and sensitivity was statistically not significant (F(2, 56.14) = 1.66, 
p = 0.20).

Post hoc tests revealed that participants showed significantly 
higher levels of SOCS-O in DMT/HAR compared to PLA 
(Mdiff = 2.28, SE = 0.88, df = 56.1, t.ratio = 2.59, p = 0.04), and com-
pared to HAR (Mdiff = 1.03, SE = 0.88, df = 56.1, t.ratio = 1.17, 
p = 0.25), but not in HAR compared to PLA (Mdiff = 1.25, SE = 0.88, 
df = 56.1, t.ratio = 1.41, p = 0.25). Post hoc tests revealed signifi-
cantly higher SOCS-O in the high- versus the low-sensitivity 
group (Mdiff = 6.56, SE = 3.12, df = 29, t.ratio = 2.10, p = 0.04).

While the differences between the drug conditions were not 
different in the low-sensitivity group (DMT/HAR − HAR: 
p = 0.80; DMT/HAR − PLA: p = 0.73; HAR − PLA: p = 0.73), par-
ticipants in the high-sensitivity group reported higher levels of 
compassion with others in DMT/HAR compared to PLA 
(Mdiff = 3.69, SE = 1.24, df = 56.1, t.ratio = 2.98, p = 0.01), but no 
differences for the contrasts DMT/HAR − HAR (p = 0.08), nor for 
HAR − PLA (p = 0.29). That is, the high-sensitivity group, but not 
the low-sensitivity group, reported higher levels of compassion 
with others in DMT/HAR compared to PLA.

Discussion

This randomized, placebo-controlled, double-blinded study aimed 
to evaluate mindfulness- and compassion-related capabilities after 

Figure 3.  SOCS-S global scores by drug condition and grouped by sensitivity to the drug.
Note. Boxplots with subjective ratings on self-compassion (SOCS-S global score) by drug condition (DMT/HAR, HAR, PLA) and by sensitivity to the drug (high- vs low-sensi-
tive group of participants separated by median split of the maximum subjective intensity rating) are shown. Minimum possible value: 20; maximum possible value: 100.
SOCS-S: Sussex Oxford compassion scale self; ns: not significant.
*p < 0.1. **p < 0.05. ***p < 0.01.



Aicher et al.	 7

the intake of an innovative ayahuasca-inspired formulation (con-
taining DMT and MAO-inhibitor harmine; DMT/HAR) and 
harmine (HAR) against placebo (PLA) in healthy subjects to 
explore potential therapeutic change mechanisms. Our findings 
indicate an acute increase in mindfulness- and compassion-based 
outcome measures, comparable to changes in meditation practi-
tioners, since the MCI was originally developed to assess the 
effects of long-term meditation practice. Our study indicates that 
short-term enhancement in mindfulness abilities can be reached 
not only by meditation practice, but also by a pharmacological 
intervention with DMT/HAR in a controlled laboratory setting, 
even without concomitant mindfulness training. Following our 
initial hypothesis, we found a significant drug effect with specifi-
cally higher mindfulness and compassion scores in DMT/HAR 
and less pronounced effects in HAR, compared to PLA. Significant 
effects for HAR could only be found for self-compassion. 
Participants from the high-sensitivity group were more likely to 
report differences in mindfulness, self-compassion, and compas-
sion with others when DMT/HAR was compared to HAR or PLA, 
but not participants from the low-sensitivity group. No lasting 
effects in the 1-month and 4-month follow-up were found.

Regarding the specific mindfulness subscales, decentering 
and observing abilities were increased in the high-sensitivity 
group, and a highly significant drug effect was found for non-
reacting. Non-reacting describes a state of mind in which one 
allows thoughts and feelings to come and go without getting 
caught up in them, which, in turn, is therapeutically valuable 
(Baer et al., 2006; Thomas et al., 2013). Decentering on the other 
hand is defined as the capacity to step outside one’s personal per-
spective of a lived experience and to disidentify from the content 
of thoughts (Fresco et al., 2007) or in other more specific words 
it is the capacity to recognize one’s thoughts and emotions as 
temporary events of the mind (Soler et  al., 2014). This allows 
patients to consider thoughts and emotions in a detached manner 
rather than statements that are necessarily true (Fresco et  al., 
2007). Hence, increased decentering abilities could explain the 
therapeutic effect of interventions with psychedelics like aya-
huasca in depression (de Osório et al., 2015; Domínguez-Clavé 
et al., 2016; Sampedro et al., 2017; Sanches et al., 2016; Soler 
et al., 2016), a disorder that is associated with impaired decenter-
ing abilities, in other work also called reduced metacognitive 
awareness (Teasdale et al., 2002).

Figure 4.  SOCS-O global scores by drug condition and grouped by sensitivity to the drug.
Note.Boxplots with subjective ratings on compassion with others (SOCS-O global score) by drug condition (DMT/HAR, HAR, PLA) and by sensitivity to the drug (high- vs 
low-sensitive group of participants separated by median split of the maximum subjective intensity rating) are shown. Minimum possible value: 20; maximum possible 
value: 100.
SOCS-O: Sussex Oxford compassion scale others; ns: not significant.
*p < 0.1. **p < 0.05. ***p < 0.01.
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Regarding the SOCS-O (compassion with others) subscales, 
recognizing suffering and feeling for the person suffering were 
also significantly increased in the high-sensitivity group. In the 
SOCS-S (self-compassion) subscales, only the recognizing suf-
fering subscale was significantly increased in the high-sensitiv-
ity group. Testing for drug effects, most of the subscales of 
SOCS-S (four out of five) were significantly increased, which 
indicates that DMT/HAR has a stronger effect on self-compas-
sion compared to compassion with others and mindfulness. 
Interestingly, self-compassion increased in both the DMT/HAR 
and HAR conditions. This finding could be explained via the 
nonspecific serotonergic stimulation effects that are described 
for the MAO-A inhibitor harmine (Herraiz et  al., 2010). 
Moderately elevated levels of serotonin in the synaptic cleft may 
reduce anxiety/stress and promote general feelings of empathy 
and tenderness toward oneself. Comparable findings of adaptive 
self-attitudes such as increased emotional empathy and self-
compassion were observed after ingestion of nonspecific sero-
tonergic substances such as MDMA (Kamboj et  al., 2018). 
Cultivating self-compassion brings understanding toward one-
self in instances of perceived inadequacy or suffering (Neff, 
2003) and is an important mediator of the positive effects of 
MBCT interventions on depressive symptoms (Kuyken et  al., 
2010). Therefore, augmenting CFT with pharmacological inter-
ventions that enhance compassion and social connection could 
be especially suitable for people who have a compromised 
capacity for experiencing and expressing affiliative motives and 
emotions, that is, those with high levels of self-criticism and 
shame (Pots and Chakhssi, 2022). Ayahuasca-inspired formula-
tions might be particularly well suited to support attitudes of 
openness and acceptance toward physical and mental discomfort 
by enhancing compassion for self and others, which is a valuable 
skill set for navigating physical and mental crises and coping 
with stress in everyday life.

It is possible that the sensitivity to the substance and experien-
tial aspects depends on certain predispositions, such as personality 
traits. For instance, the trait of absorption, which refers to an indi-
vidual’s openness to a variety of cognitive, perceptual, and imagis-
tic experiences, was found to strongly predict several experiences 
measured in previous studies (Studerus et al., 2012). Interestingly, 
trait absorption was not only associated with the ability to reach 
peak experiences but also found to be elevated in meditation prac-
titioners (Garcia-Campayo et  al., 2022). Hence, further research 
examining personality traits and their influence on the ability to 
reach intense psychedelic experiences and their association with 
outcome measures, such as mindfulness, is essential.

Furthermore, depression or other psychiatric disorders (or 
also somatic diseases) may impact an individual’s sensitivity to 
both mindfulness-based interventions and the pharmacological 
treatment with DMT/HAR. Depression and also anti-depressive 
medication might alter neurobiological mechanisms and increase 
or decrease sensitivity to the DMT/HAR. Further clinical trials 
with patients are necessary to explore effective doses for patients 
with mood disorders or other indications. Based on these doses, 
further studies should investigate whether patients experience 
effects on mindfulness, compassion, or other therapy-relevant 
mechanisms induced by DMT/HAR.

In summary, our results provide an explanatory mechanism 
that could contribute to similar benefits reported in prior studies 
for ayahuasca in the treatment of addiction and depression (de 

Osório et al., 2015; Thomas et al., 2013). It is worth mentioning 
that prior studies showing benefits associated with long-term aya-
huasca use could be confounded by participants being members of 
a religious group or taking ayahuasca in a ceremonial context 
(Bouso et  al., 2012; Fábregas et  al., 2010). The present results 
obtained in a non-ceremonial, controlled laboratory setting, where 
participants engaged in neurobehavioral tasks, support the notion 
that ayahuasca-inspired pharmacological formulations, such as 
those containing DMT and harmine, may transiently increase 
mindfulness- and compassion-related capabilities independent of 
context. Despite these significant acute drug effects, we could not 
find any long-term effects, which may be due to the fact that the 
study was not embedded in a therapeutic or mindfulness-based 
setting. Psychedelic-induced states of enhanced mindfulness tend 
to be short-lived and strongly support the notion of concomitant 
training and integration to stabilize and maintain more adaptive 
mental states in everyday life (Scheidegger, 2021a).

Limitations and future research

Our study has some limitations that need to be considered. First, 
the participant sample was quite homogeneous with regard to 
gender (male only), age (25 ± 4), educational status (highly 
educated), and ethnicity, which limits generalization of the 
findings. There is limited transferability to therapeutic contexts 
as the study was conducted in a laboratory setting with healthy 
participants. This study shows a transient increase in mindful-
ness and compassion in a non-meditation context that was not 
focused on mindfulness and compassion. It remains an open 
question for future research to investigate the magnitude and 
duration of DMT/HAR-induced mindfulness and compassion 
in a meditation context with meditation practitioners of various 
expertise levels (which we did in a follow-up study, see Meling 
et al., 2024). Moreover, the chosen dose range for DMT and 
harmine was moderate, as participants were expected to repeat-
edly participate in neurobehavioral tasks during the dosing ses-
sion, which may have confounded and diminished the overall 
effects on mindfulness and compassion due to a high level of 
distraction. Further dose–response studies with higher dose 
ranges in appropriate settings would be informative to evaluate 
the therapeutic properties of ayahuasca-inspired formulations. 
Furthermore, the intensity of the subjective effects of the study 
drug might, in many cases, lead to an unblinding, at least in the 
high-sensitivity group, which can be considered another limita-
tion of this work, as it may enhance expectation, respectively, 
placebo effects. This is a common issue in psychedelic research 
in general (Muthukumaraswamy et al., 2021). Blinding efficacy 
was not assessed in this study, which is a limitation.

To conclude, this study shows further evidence supporting that 
ayahuasca-inspired formulations like DMT/HAR may have the 
potential to induce acute increases in mindfulness and compassion. 
The adaptive effects of ayahuasca on psychological functioning are 
particularly aligned with mindfulness-based approaches that aim to 
increase compassion, awareness, and psychological flexibility in the 
service of achieving core life values. Ayahuasca-assisted therapy 
might work as a catalyst to support such transformative learning pro-
cesses in the framework of a process-oriented psychotherapy 
(Mithoefer et  al., 2021; Scheidegger, 2018, 2021b; Wheeler and 
Dyer, 2020). Further research in psychiatric populations is needed to 
corroborate the prevailing results.
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