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Abstract
N,N-dimethyltryptamine (DMT) is a psychedelic compound that is believed to have 
potential as a therapeutic option in several psychiatric disorders. The number of 
clinical investigations with DMT is increasing. However, very little is known about 
the pharmacokinetic properties of DMT as well as any relationship between its ex-
posure and effects. This study aimed to characterize population pharmacokinetics 
of DMT as well as the relationship between DMT plasma concentrations and its 
psychedelic effects as measured through subjective intensity ratings. Data were ob-
tained from 13 healthy subjects after intravenous administration of DMT. The data 
were analyzed using nonlinear mixed-effects modeling in NONMEM. DMT plasma 
concentrations were described by a two-compartment model with first-order elimi-
nation leading to formation of the major metabolite indole 3-acetic acid. The rela-
tionship between plasma concentrations and psychedelic intensity was described by 
an effect site compartment model with a sigmoid maximum effect (Emax) response. 
DMT clearance was estimated at 26 L/min, a high value indicating elimination of 
DMT to be independent of blood flow. Higher concentrations of DMT were associ-
ated with a more intense experience with the concentration of DMT at the effect 
site required to produce half of the maximum response estimated at 95 nM. The 
maximum achievable intensity rating was 10 and the simulated median maximum 
rating was zero, 2, 4, 8, and 9 after doses of 1, 4, 7, 14, and 20 mg, respectively. The 
model can be useful in predicting suitable doses for clinical investigations of DMT 
based on the desired intensity of the subjective experience.

Study Highlights
WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?
N,N-dimethyltryptamine (DMT) is a psychedelic compound being investigated as 
a therapeutic option in psychiatric disorders. Very little is known about its phar-
macokinetic/pharmacodynamic properties.
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INTRODUCTION

Globally, ~ 300 million people are estimated to suffer from 
depressive disorders, making this one of the single larg-
est contributors to non-fatal health losses.1 Around the 
same number of people suffer from a range of anxiety 
disorders. Still, a substantial part of the patient popula-
tion does not respond to standard treatment.2 The need 
for new therapeutic options in psychiatric disorders has 
contributed to renewed interest in the classic serotoner-
gic psychedelics.3–6 Early studies have shown these com-
pounds to have remarkably long-lasting effects after only 
a single or few dose occasions.3–6

N,N-dimethyltryptamine (DMT; [molecular weight 
188.27 g/mol]) is a naturally occurring compound, belong-
ing to the classical serotonergic psychedelics. It is a weak 
base with a pKa of 8.68 and a logP of 2.573.7 DMT is the main 
psychoactive component in ayahuasca, a plant-based tea 
traditionally used by indigenous peoples in South America.8 
Ayahuasca has shown potential as a treatment alternative 
in depression.9,10 However, it is not clear whether these ef-
fects can be attributed to DMT alone. Nevertheless, DMT 
has been shown to elicit antidepressive effects in preclin-
ical models.11 DMT is believed to exert its effect primarily 
through agonism at the 5-HT2A receptor, although several 
other targets have been identified, including various 5-HT 
receptors, the sigma-1 receptor, as well as trace amine re-
ceptors.12–14 Furthermore, DMT is believed to be produced 
endogenously and is being used as a tool in research investi-
gating the neurobiology of the human consciousness.15

DMT is not orally available when administered alone.16 
This is believed to be mainly due to extensive metabolism by 
monoamine oxidase (MAO)-A with the formation of the in-
active metabolite indole 3-acetic acid (IAA). Most research 

on DMT has thus been performed through administration 
of ayahuasca because the brew contains harmala alkaloids 
which acts as inhibitors of MAO-A, making DMT available 
to the system. After ayahuasca administration, several other 
metabolites have been identified. With the exception of IAA, 
DMT N-oxide has been identified as the most prominent.17 
However, no DMT N-oxide was observed after intravenous 
administration of DMT,18 indicating that the metabolic pat-
tern may be influenced by the route of administration as 
well as the presence or absence of MAO inhibitors. Further, 
research shows that the fraction excreted unchanged in 
urine is less than 1% after oral intake of DMT/ayahuasca, 
whereas this fraction was observed to increase to ~ 10% after 
smoking of DMT.16,17 After intravenous administration, 
DMT is rapidly eliminated leading to a very short half-life.19 
However, reports thoroughly examining DMT disposition 
in humans are scarce. In one study, aimed at exploring 
target-controlled intravenous infusion to extend effect du-
ration, pharmacokinetic (PK) parameters were suggested.20 
However, these estimates have to be regarded with caution 
with some values being physiologically implausible. Thus, 
no reliable estimates of the PK parameters describing DMT 
disposition in humans have been published to date.

The time course of psychedelic effects has been ob-
served to follow DMT plasma concentrations somewhat 
closely with a duration of less than 30 min after intrave-
nous bolus administration.15,21 However, the relationship 
has never been quantified.

Consequently, despite the increasing number of clinical 
investigations with DMT, much work remains in terms of 
understanding the basic clinical pharmacology of this com-
pound. Having an increased understanding of the underlying 
PK characteristics as well as how variability in PK might af-
fect the observed response is essential in going forward with 

WHAT QUESTION DID THIS STUDY ADDRESS?
This study aimed to investigate the pharmacokinetics of DMT and to quantify the 
relationship between DMT concentrations and intensity of the psychedelic expe-
rience after intravenous administration of DMT to 13 healthy subjects.
WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?
DMT pharmacokinetics were characterized, showing a large DMT clearance of 
26 L/min. The relationship between DMT concentrations and psychedelic inten-
sity was also described. The applicability of the model was demonstrated through 
simulations of obtained intensity at different dose levels, illustrating what doses 
may be required for suboptimal and maximal responses, respectively.
HOW MIGHT THIS CHANGE CLINICAL PHARMACOLOGY OR 
TRANSLATIONAL SCIENCE?
This is the first time the pharmacokinetics/pharmacodynamics of DMT has been 
modeled. We believe this model can be useful in guiding DMT dosing in future 
clinical research. Further, the work demonstrates the benefits of using a quanti-
tative pharmacokinetic/pharmacodynamic approach in future clinical develop-
ment of psychedelics in general.
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DMT as a potential future treatment option. This knowledge 
could aid in developing new dose regimens, such as infusion 
protocols to enable the study of DMT over extended periods 
of time, as well as enabling dose adjustments according to 
patient characteristics. It would also be beneficial in terms 
of guiding dose level decisions in future studies with DMT 
based on a PK/pharmacodynamic (PK/PD) target.

In this work, a population-based PK and PK/PD analy-
sis was performed on data from a clinical study where DMT 
was administered intravenously to 13 healthy subjects.15 
The present analysis aimed to characterize population PK 
of DMT as well as the population PK/PD relationship be-
tween DMT plasma concentration and psychedelic expe-
rience as measured through real-time subjective intensity 
ratings. The psychedelic experience is an important factor 
to consider in clinical research with DMT and is believed 
to correlate to the therapeutic outcome in the treatment of 
depression.22 Hence, the results of this study may be useful 
in guiding future clinical development of DMT.

METHODS

Clinical trial

A placebo controlled clinical trial was performed at the 
National Institute of Health Research (NIHR) Imperial 
Clinical Research Facility in 13 healthy subjects (7 men, 
median age 33 years [range 22–48 years]). The study was 
conducted according to the principles laid down in the 
revised Declaration of Helsinki (2000), the International 
Committee on Harmonization Good Clinical Practices 
guidelines, and the UK National Health Service 
Research Governance Framework, and was approved 
by the National Research Ethics (NRES) Committee 
London – Brent and the Health Research Authority. All 
subjects provided written informed consent to partici-
pate in the study. The study has been described in more 
detail elsewhere.15

In brief, the study used a fixed order design where 
subjects received a placebo administration at their first 
visit and DMT during their second visit, which took place 
a week later. DMT was administered as an intravenous 
bolus dose and each subject received one of four doses of 
DMT fumarate: 7 mg (n = 3), 14 mg (n = 4), 18 mg (n = 1), 
or 20 mg (n  =  5). Nine blood samples per subject were 
drawn at staggered timepoints into chilled EDTA tubes 
from an indwelling forearm vein catheter up to 60 min 
after drug administration. Plasma was harvested and 
stored at −80°C before being shipped to Gothenburg on 
dry ice for bioanalysis. Subjective effects were obtained by 
asking for ratings of subjective intensity of the psychedelic 
experience on a scale from zero to 10, where zero is no 

effect and 10 is the most intense experience imaginable, 
every minute during the first 20 min.

Bioanalysis

DMT and metabolite levels in plasma were quantified 
using a previously described liquid chromatography tan-
dem mass spectrometry method.18 The method was val-
idated for DMT, DMT N-oxide, and IAA over ranges of 
0.25–200, 15–200, and 500–5000 nM, respectively. Lower 
limits of quantification (LLOQ) were set at 0.25, 15, and 
500 nM for DMT, DMT N-oxide, and IAA, respectively. 
IAA concentrations were measured as a change from base-
line due to high endogenous levels of IAA. The method 
was shown to be accurate and precise over these ranges. 
Samples above the upper limit of quantification were di-
luted before re-analysis.

Modeling approach

Data were analyzed using nonlinear mixed-effects mod-
eling in NONMEM version 7.4.3. (ICON Development 
Solutions).23 Pirana (version 3.0.0) and Perl-speaks-
NONMEM (version 5.2.6)24 was used for model automa-
tion and diagnostics. R (version 4.1.1) was used for model 
diagnostics and visualization. Models were fitted using 
the first-order conditional estimation with interaction 
method. Samples below the LLOQ were excluded from 
analysis (n = 3 and n = 9 for DMT and IAA, respectively). 
In addition, one sample was excluded due to measured 
DMT concentration that was high above the expected 
range, most likely explained by contamination of the 
sample.

The analysis was performed using a sequential ap-
proach where a population PK model was first established 
to describe plasma concentrations of DMT. The model 
was then extended to include the metabolite IAA. Finally, 
the PK/PD model was developed using a “Population PK 
Parameters and Data” approach where population PK pa-
rameters are fixed but individual PK parameters are es-
timated simultaneously with PD parameters.25 All DMT 
fumarate doses were converted and expressed as nanomo-
les of DMT base. Between-subject variability (BSV) was 
described by exponential random effects following a log-
normal distribution with mean zero and variance ω2.

Pharmacokinetic model development

One- and two-compartment models with first-order 
elimination from the central compartment were fitted to 
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the DMT observations and assessed. BSV was evaluated 
on clearance (CL), central volume of distribution, inter-
compartmental clearance (Q), and peripheral volume of 
distribution. Once a base model describing the plasma 
concentrations of DMT had been established, the me-
tabolite IAA was added to the model. IAA was assumed 
to be a primary metabolite of DMT with a fixed meta-
bolic fraction of 1 where the IAA formation rate equals 
the elimination rate of DMT. IAA disposition was de-
scribed using a one-compartment model with first-order 
elimination. BSV was evaluated on apparent IAA clear-
ance (CL[m]) and apparent IAA volume of distribution 
(V[m]). Residual variability was evaluated separately 
for DMT and IAA using additive, proportional, or com-
bined error models.

Pharmacokinetic/pharmacodynamic 
model development

Based on graphical exploration of the data, effect com-
partment models were evaluated to describe the rela-
tionship between DMT concentrations and subjective 
psychedelic intensity ratings. The effect compartment 
model assumes that the response is mediated through 
DMT levels in a compartment corresponding to a theo-
retical biophase (i.e., the brain in this case). The change 
in concentration in the effect compartment is described 
according to:

where ke0 is the effect compartment equilibrium rate 
constant, Cp is the plasma concentration of DMT, and 
Ce represents the theoretical concentration in the effect 
compartment.

The drug effect was assessed using maximum effect 
(Emax) or sigmoid Emax models as follows:

where E0 is the baseline response, Emax is the maximum 
response, EC50,e is the concentration of DMT at the effect 
site required to produce half of the maximum response, 
and the Hill coefficient γ describes the steepness of the 
relationship.

BSV was evaluated on ke0, EC50,e, and γ. The subjective 
ratings were handled as continuous data but with the ad-
dition of a logit transformation to restrict the predicted 
values between zero and 10. This was expressed for every 
observation j of each individual i as:

where λ is the individual prediction and εij is the resid-
ual error, additive on the logit scale and following a nor-
mal distribution.

Model evaluation

Model discrimination between nested models was based on 
objective function value (OFV) where a change in OFV of 
−3.84 was considered a significant model improvement at 
p = 0.05 under the assumption that ΔOFV is approximately 
chi-squared distributed. The final model was evaluated by 
assessing plausibility of parameter estimates, goodness-of-fit 
(GOF) plots, and visual predictive checks (VPCs). Sampling 
importance resampling (samples/resamples  =  5000/1000) 
was performed to determine precision of the parameter esti-
mates and to calculate 95% confidence intervals.26 The covar-
iance output was used as the proposal distribution without 
an inflation factor. Parameter precision was considered ac-
ceptable if %RSE was less than or equal to 30% for fixed ef-
fects and less than or equal to 50% for BSV parameters.

Simulations

The final PK/PD model was used to evaluate the predicted 
effect at different dose levels. For five different intrave-
nous bolus doses (1, 4, 7, 14, and 20 mg), the achieved 
DMT exposure and effect were simulated in 100 subjects, 
respectively. Dose levels were set to demonstrate a range 
of doses that would likely cause non-existent (1 mg) to 
significant (20 mg) psychedelic experiences. Simulations 
were performed in R using the package mrgsolve.

RESULTS

A total of 93 (19, 29, 6, and 39 for the 7, 14, 18, and 20 mg 
doses, respectively) and 87 (18, 27, 6, and 36 for the 7, 
14, 18, and 20 mg doses, respectively) plasma concentra-
tion observations of DMT and IAA, respectively, as well 
as 273 (84, 63, 21, and 105 for the 7, 14, 18, and 20 mg 
doses, respectively) subjective intensity ratings, were in-
cluded in the analysis. The individual concentration-time 
curves of DMT and IAA have been previously published 
elsewhere.18 No subjective psychedelic effects or measur-
able concentrations of DMT were observed after placebo 
administration. Consequently, observations after placebo 
administration were not modeled.

dCe
dt

= ke0 ×
(

Cp − Ce
)

Response = E0 +
Emax × C

�
e

EC50�e + C�
e

(1)y = 10 ×
e
ln
(

�

10−�

)

+�ij

1 + e
ln
(

�

10−�

)

+�ij
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Population pharmacokinetic model

No indications of PK nonlinearity were observed in the 
data. DMT plasma concentrations were well-described 
by a two-compartment PK model with first-order 
elimination as a single elimination pathway leading to 
the formation of IAA. A two-compartment model led to a 
significant improvement in model fit compared to a one-
compartment model (ΔOFV = −41.64). In addition, GOF 
plots indicated a better fit when using two compartments 
as compared to one. BSV was incorporated on CL. The 
data did not allow for estimation of more than one BSV 
parameter. IAA observations were described by a one-
compartment PK model with first-order elimination. 
BSV was included on V(m). Proportional residual error 
models were used for both DMT and IAA. Precisions were 

below the prespecified criteria of 30 and 50 %RSE for all 
parameters except Q, for which it was 37%. The VPC 
illustrates that the predictive performance of the final 
model is adequate (Figure 1). Estimated parameters of the 
final PK model are summarized in Table 1. GOF plots of 
the final PK model are demonstrated in Figure S1.

Population pharmacokinetic/
pharmacodynamic model

A short delay was observed in response as compared 
to DMT concentrations. The relationship between 
DMT plasma concentrations and subjective intensity 
ratings was described by an effect compartment model 
with a sigmoid Emax response, where the rate by which 

F I G U R E  1   Visual predictive 
check (VPC; n = 1000) of (a) the final 
pharmacokinetic (PK) model of N,N-
dimethyltryptamine (DMT) and the 
metabolite indole 3-acetic acid (IAA) 
across all dose levels; (b) the final PK 
model of DMT stratified by dose level, and 
(c) the final PK model of IAA stratified 
by dose level in 13 healthy subjects 
after intravenous bolus dose. Circles are 
observations, solid lines are medians of 
the observations, dashed lines are 5th and 
95th percentiles of the observations, the 
red areas are the 95% confidence intervals 
of the median of the simulated data, and 
the blue areas are the 95% confidence 
intervals of the 5th and 95th percentiles 
of the simulated data. The dose stratified 
VPCs are presented with median 
predictions only, due to the low sample 
size of each panel. Doses are expressed as 
DMT fumarate.
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equilibrium between plasma and effect compartment 
concentration is established is described by ke0, here 
estimated to 1.38 min−1. Emax was fixed to a value of 10 
because this was the highest allowed rating and because 
it was considered achievable for all individuals due to the 
subjective nature of the rating. All subjects had a baseline 
value of zero.

BSV was incorporated on EC50,e and the Hill factor γ. 
A correlation between the two BSV terms was observed 
and estimated to 93%. However, this was not included 
in the final model because it led to ill conditioning of 
the model (condition number increased from 394 to 
2790). The final PK/PD parameters are summarized in 
Table 1. A VPC is shown in Figure 2 and illustrates the 
predictive performance of the final model. A schematic 
of the final PK/PD model is shown in Figure  3. GOF 
plots of the final PK/PD model are demonstrated in 
Figure S1.

Simulations

The simulated distribution of the maximum achieved  
effect at each respective dose level is shown in Figure 4. A 
median maximum effect of 0, 2, 4, 8, and 9 were achieved 
at the doses 1, 4, 7, 14, and 20 mg, respectively. The pro-
portion of the population achieving a maximum rating 
above five increased from zero at the lowest dose to 4, 42, 
92, and 100% at each respective dose level.

DISCUSSION

DMT is one of several serotonergic psychedelics that 
have recently gained an increased amount of attention 
as potential therapeutic tools in treatment of a number 
of psychiatric disorders. Despite the increasing number 
of clinical investigations with DMT, very little is known 
about the PK and PK/PD properties of DMT. In this work 
the population PK of DMT and its metabolite IAA as well 
as the PK/PD relationship between DMT concentrations 
and subjective psychedelic intensity was characterized. To 
the best of our knowledge, this is the first time the rela-
tionship between DMT plasma concentrations and its ef-
fects have been characterized using a modeling approach.

DMT plasma concentrations were best described using 
a two-compartment PK model. To be able to estimate any 
PK parameters of the metabolite, the assumption was 
made that DMT was completely metabolized into IAA 
via a first-order elimination pathway. The estimated PK 
parameters of DMT and IAA are summarized in Table 1. 
Noteworthy is the extremely high clearance obtained 
for DMT. The obtained plasma clearance of 26 L/min is 
clearly above the cardiac output of an average healthy in-
dividual (~5 L/min). Although blood clearance of DMT 
might be lower, it seems unlikely that the blood:plasma 
ratio should be sufficiently high to fully account for this 
large clearance value. This is also supported by a separate 
experiment where DMT was added in known amounts 
to whole blood. Plasma was harvested and the measured 
concentrations of DMT in plasma corresponded well 
with the nominal concentrations in whole blood (data 
not shown). Hence, the results indicate a degradation of 
DMT that is independent of organ blood flow. Because 
DMT is primarily metabolized by MAO-A, this could po-
tentially be explained by the presence of MAO-A in tis-
sues throughout the body, including the blood vessels.27,28 
However, further research is needed to confirm this and to 
obtain a better understanding of the elimination of DMT 
from the human body. In addition, a relatively high BSV 
in clearance was observed. No full covariate analysis was 
performed in this work due to the low number of individ-
uals. However, no trends were observed with regards to 

T A B L E  1   Final pharmacokinetic and pharmacodynamic 
parameter estimates

Parameter Estimate (95% CI) %RSE

CL, L/min 26.0 (20.6–33.6) 15.1

Q, L/min 2.99 (1.87–5.44) 36.6

Vc, L 221 (181–273) 12.1

Vp, L 59.0 (48.0–82.7) 18.5

CL(m), L/min 0.093 (0.076–0.11) 10.6

V(m), L 9.55 (8.07–11.1) 9.8

BSV CL, CV% 47.3 (37.5–65.3) 41.0

BSV V(m), CV% 29.0 (21.7–41.5) 45.0

Residual error DMT, 
CV%

50.0 (43.9–58.9) 19.2

Residual error IAA, CV% 19.0 (16.8–21.8) 16.3

Emax 10 FIX

EC50,e, nM 94.7 (75.4–123) 14.9

ke0, min−1 1.38 (1.16–1.94) 17.5

γ 2.87 (2.63–3.02) 4.2

BSV EC50,e, CV% 38.6 (29.1–50.4) 34.1

BSV γ, CV% 77.3 (58.1–103) 36.6

Residual error intensity 
ratings, SD

0.82 (0.55–0.90) 7.8

Abbreviations: BSV, between subject variability; CI, confidence interval; 
CL, clearance for N,N-dimethyltryptamine; CL(m), clearance for indole 
3-acetic acid; CV%, coefficient of variation percentage; DMT, N,N-
dimethyltryptamine; EC50,e, the concentration in the effect compartment 
needed to achieve 50% of the maximum response; Emax, maximum 
achieved psychedelic intensity; IAA, indole 3-acetic acid; ke0, the effect 
compartment equilibrium rate constant; Q, intercompartmental clearance 
for N,N-dimethyltryptamine; Vc, central volume of distribution for N,N-
dimethyltryptamine; V(m), volume of distribution for indole 3-acetic acid; 
Vp, peripheral volume of distribution for N,N-dimethyltryptamine; γ, Hill 
coefficient describing the steepness of the relationship.
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sex or age (data not shown). Nevertheless, there are sev-
eral potential factors that could cause variability in clear-
ance between different individuals, including for example 
body size. In addition, polymorphisms in MAO-A affect-
ing drug metabolism have been previously reported29 and 
we believe this should be further investigated as a poten-
tial source of variability in DMT PK in future studies.

The assumption was made that DMT is completely 
metabolized into IAA via a single elimination pathway. 
The metabolic pattern of DMT has not yet been fully elu-
cidated. Previous studies have identified several other 
metabolites of DMT after intake of ayahuasca, however, 
the inclusion of MAO inhibitors might shift the metabolic 
pathways and it is unclear which metabolites are formed 
after intravenous injection of DMT. For example, we have 
previously shown that DMT N-oxide, a metabolite that 
has been observed after oral intake of ayahuasca, was not 

present in plasma samples from the individuals in the 
present study.18 Consequently, setting the metabolic frac-
tion to one was deemed to be the most appropriate option 
with the data available. Although IAA is not believed to be 
an active metabolite, it was incorporated in the model for 
descriptive purposes. A complete understanding of DMT 
metabolism and any potential active metabolites might, 
however, improve the understanding of both PK and PD 
aspects in the future.

In the present analysis, we first established a PK model, 
whereafter typical parameters were fixated when mod-
eling subjective intensity ratings. The study subjects had 
been asked to rate their experience on a scale from zero 
to 10 right before and during the first 20 min after DMT 
administration. For the purpose of modeling, the observed 
data was treated as continuous, even though it was actu-
ally integer scale. However, to avoid producing predictions 

F I G U R E  2   Visual predictive 
check (VPC; n = 1000) of (a) the final 
pharmacokinetic/pharmacodynamic (PK/
PD) model of the psychedelic intensity 
produced by N,N-dimethyltryptamine 
(DMT) versus time across all dose 
levels and (b) the final PK/PD model of 
the psychedelic intensity produced by 
DMT versus time stratified by dose after 
intravenous administration in 13 healthy 
subjects. Circles are observations, the solid 
line is the median of the observations, 
dashed lines are 5th and 95th percentiles 
of the observations, the red areas are the 
95% confidence intervals of the median 
of the simulated data, and the blue areas 
are the 95% confidence intervals of the 5th 
and 95th percentiles of the simulated data. 
The dose stratified VPCs are presented 
with median predictions only, due to the 
low sample size of each panel. Doses are 
expressed as DMT fumarate.
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outside the boundaries of the scale, a logit transformation 
was used to restrict the values between zero and 10. The 
applied transformation only allows predictions to ap-
proach the boundaries of the scale asymptotically. Hence, 
exact values of zero or 10 cannot be predicted. However, 
for obtaining a basic understanding of the achieved effect 
at different concentrations, values of 9.99 or 0.001 can be 
assumed to be equivalent to 10 and zero, respectively. A 
slight delay in response as compared to DMT concentra-
tions were observed. Because changes in perception are 

usually coupled to changes in brain signaling, something 
that occurs rapidly as a response to a stimulus, it was con-
cluded that the most likely explanation would be a delay 
in distribution to the effect site rather than a delay in de-
veloping the response. Consequently, an effect compart-
ment model with a sigmoid Emax response was chosen as 
the final model because it appropriately represents the 
hypothesized mechanism behind the observed delay. The 
effect compartment model assumes that drug needs to be 
distributed from plasma to the effect compartment, and 
that only the drug in the effect compartment contributes 
to the observed effects. The value of ke0 provides informa-
tion of the effect delay. The estimated value of 1.38 min−1 
can be seen to indicate that it takes ~2 min for DMT con-
centrations in the brain to equilibrate with blood. The ad-
dition of a Hill coefficient, estimated to be approximately 
three, significantly improved the model fit. The Hill fac-
tor describes the sigmoidicity of the relationship between 
effect and concentration with a higher value indicating a 
steeper slope. Hence, a Hill factor of three indicates that 
within 20–80% of maximal response, a small change in 
concentration results in a large change in response. A BSV 
of 39 and 77% were estimated for EC50,e and gamma, re-
spectively. Because the intensity rating is a subjective ef-
fect measure and thus error-prone, it is not surprising that 
some variability in EC50,e would be observed. Most likely, 
there will be some inconsistency in the reporting of inten-
sity even within the same individual. In general, there are 
difficulties in working with subjective response measures 
in terms of robustness. However, in studies with DMT 
as well as with other psychedelics, the experience must 
be taken into consideration as some evidence suggests a 

F I G U R E  3   Schematic presentation of the final 
pharmacokinetic/pharmacodynamic model of N,N-
dimethyltryptamine (DMT), indole 3-acetic acid (IAA), and 
the psychedelic intensity produced by DMT. CL, clearance for 
N,N-dimethyltryptamine; Vc, central volume of distribution for 
N,N-dimethyltryptamine; Q, intercompartmental clearance for 
N,N-dimethyltryptamine; Vp, peripheral volume of distribution 
for N,N-dimethyltryptamine; CL(m), apparent clearance for indole 
3-acetic acid; V(m), apparent volume of distribution for indole 
3-acetic acid; ke0, the effect compartment equilibrium rate constant.

F I G U R E  4   Distribution of simulated 
maximum achieved effect at five different 
intravenously administrated N,N-
dimethyltryptamine (DMT) doses in 100 
individuals, respectively. The horizontal 
line in the middle of the boxes is the 
median, the boxes indicate the 25th and 
the 75th percentiles, and whiskers extend 
between the 5th and the 95th percentiles. 
Doses are expressed as DMT fumarate.
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correlation between subjective measures assessing the 
quality of the psychedelic experience and therapeutic 
outcomes related to improvements in mood and addictive 
disorders.22 Consequently, understanding how plasma 
concentrations of DMT relate to the intensity of this expe-
rience is a key factor in setting appropriate dose levels in 
future clinical studies.

The EC50,e of the psychedelic intensity was estimated at 
95 nM in this study. Interestingly, this is similar to in vitro 
EC50 values associated with activation of the 5-HT2A re-
ceptor (201–269 nM).30 This potentially supports the idea 
that the psychedelic effects of DMT are mainly mediated 
through agonism at the 5-HT2A receptor.

Although this model may not allow for accurate predic-
tions of how the response varies over time in a diverse popu-
lation, due to the limited data, we believe it can be useful in 
understanding what effect and associated variability can be 
expected at different concentrations and doses. To illustrate 
this, simulations were performed to predict the maximum 
achieved psychedelic intensity rating at different dose levels. 
The median maximum achieved effect rating increased from 
four to eight between the 7 mg and 14 mg dose, respectively, 
whereas the corresponding proportion of the population 
achieving a maximum response above five increased from 
42 to 92%. At the highest dose level (20 mg) the median max-
imum effect was nine and the predicted proportion achiev-
ing a maximum effect above five was 100%. For the purpose 
of illustrating the applicability of the obtained results, an 
intensity rating of five was set as an arbitrary limit of what 
would constitute a fully psychedelic experience. Hence, if 
the psychedelic experience is used as the target outcome, 
these results indicate that increasing the dose above 14 mg 
might not provide any substantial increase in benefit as 92% 
of the population is predicted to already achieve an intensity 
above five. This is consistent with previous research suggest-
ing the intravenous bolus dose for a psychedelic threshold 
to be close to 14 mg of DMT fumarate.21 Further, some re-
search suggests that DMT might be effective in protection 
and recovery from ischemic injuries31,32 and, in contrast to 
when treating psychiatric disorders, this might call for doses 
where the aim is to keep the response at a “sub-psychedelic” 
level, here assumed to correspond to a rating below five. In 
this case, the results indicate that a dose at or below 7 mg 
would be needed. However, it is clear from the spread in the 
maximum achieved effect across the population at the 4 and 
7 mg doses that if a “medium” intensity is desirable, individ-
ually tailored doses will most likely be necessary.

Overall, the final model adequately described the PK and 
psychedelic intensity data. Even though this was a relatively 
small study, it is a first step toward gaining an increased 
understanding of the PK/PD characteristics of DMT. We 
believe that this model can be useful in predicting suitable 
doses for clinical investigations of DMT based on the desired 

intensity of the subjective experience (and its potential rela-
tionship to desired therapeutic effects). This model may also 
provide the basis for determining dose parameters suitable 
for extended administration of DMT, which would be a sig-
nificant step forward in the clinical development of DMT. 
However, the large variability observed in the data high-
lights the need for larger studies with the ability to investi-
gate potential covariates and causes for these observations.
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