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Our research focus is on the pharmacology of psychoactive substances in vitro 
and in humans. We characterize novel substances (designer drugs) in vitro and 
also investigate the pharmacokinetics-pharmacodynamics of MDMA, LSD, and 
amphetamines in humans including psychological tests, pharmacogenetics, and 
functional brain imaging. This work is linked to studies on the acute clinical prob-
lems associated with the recreational drug use. In the laboratory, we mainly char-
acterize the receptor interaction profiles of novel psychoactive substances and 
their cytotoxic effects. 

Novel psychoactive substances
Novel psychoactive substances are newly used designer drugs (“internet drugs”, 

“research chemicals”, “legal highs”) potentially posing similar health risks to clas-
sic illicit substances. In the last years we have seen an unprecedented growth in 
the number of new psychoactive substances on the illicit drug market. Current-
ly, more than one new substance is identified in Europe every week. Information 
on the pharmacology and toxicology of these substances is important to reduce 
risks to the public. Many novel psychoactive substances interact with biogenic 
amine neurotransmitter transporters. Amphetamines including methamphetamine 
and MDMA inhibit the dopamine, serotonin and norepinephrine transporter and 
also release these monoamines through the respective transporter. Substances 
which predominantly release serotonin, similar to MDMA, can be expected to pro-
duce MDMA-like effects with serotonergic toxicity including serotonin syndrome, 
hyponatremia, hyperthermia, and seizures. In contrast, psychostimulants such as 
methamphetamine or methylphenidate are mostly enhancing dopaminergic neu-
rotransmission. Dopamine mediates the reinforcing and addictive properties of 
drugs of abuse. The relative dopaminergic to serotonergic properties in vitro (do-
pamine/serotonin transporter inhibition ratio) of a novel substance can be deter-
mined as a useful marker for its potential clinical psychotropic and acute toxic ef-
fects (Fig. 1). 

Mechanism of action of MDMA (ecstasy)
MDMA (ecstasy) acutely induces happiness, emotional empathy, and prosocial-
ty. MDMA is used as recreational substance and also investigated as medication 
to assist psychotherapy in psychiatric patients. We demonstrated a critical role 
for transporter-mediated serotonin and norepinephrine release in the effects of 
MDMA in humans. The dual serotonin and norepinephrine transporter inhibitor du-
loxetine blocked MDMA-induced serotonin and norepinephrine efflux from trans-
mitter loaded cells stably expressing the human serotonin or norepinephrine trans-
porter and prevented the MDMA effects in humans. The findings indicate that the 
psychotropic effects of MDMA in humans depend on transporter-mediated re-
lease of both serotonin and norepinephrine. The response to MDMA is also de-
pendent on interindividual genetically-determined differences in the metabolism 
of MDMA. For example, subjects who are cytochrome P450 (CYP) 2D6 poor me-
tabolizers show higher plasma concentrations of MDMA and associated faster in-
creases in cardiovascular responses to MDMA compared with subjects who are 
normal metabolizers (Fig. 2). 

Pharmacokinetics of MDMA and LSD and effects on emotion processing
Several clinical studies are investigating the use of MDMA and LSD in substance-
assisted psychotherapy to treat post-traumatic stress disorders or anxiety in pa-
tients with life-threatening diseases. We therefore studied the pharmacokinetics 
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of MDMA and LSD and the effects of these substances on the processing of emo-
tions in healthy subjects. LSD produced subjective drug effects that lasted up to 
12h (Fig. 3a) and correlated well with the concentrations of LSD in the blood plas-
ma over time (Fig. 3b and c). The half-life of LSD in plasma was 3.5 h. In contrast to 
LSD, the half-life of MDMA is longer (8h) but the effects of MDMA last only up to 6h 
despite the continued presence of the substance in the body (Fig. 3d). Thus, there 
is marked acute tolerance to the effects of MDMA. In a controlled setting, both 
MDMA and LSD dose-dependently increased feelings of closeness and trust and 
impaired identification of negative emotions including fear and sadness. These ef-
fects of MDMA and LSD on emotion processing may be useful for substance-as-
sisted psychotherapy.

Fig. 1: Relative dopamine/serotonin inhibition potencies of 
psychoactive substances. Dopamine to serotonin trans-
porter (DAT/SERT) inhibition ratios (mean ± 95% confi-
dence intervals) for novel substances are shown in com-
parison with those of classic empathogens/entactogens 
(MDMA, ecstasy) and stimulants (cocaine, amphetamine, 
and methamphetamine). The ratios derived from in vitro 
studies help to predict the typically unknown clinical toxic-
ity of novel substances. A low DAT/SERT inhibition ratio 
(<0.1) indicates tenfold greater relative serotonergic vs. do-
paminergic activity similar to MDMA. A high DAT/SERT in-
hibition ratio (>10) indicates greater relative dopaminergic 
vs. serotonergic activity similar to methamphetamine. A 
high DAT/SERT inhibition ratio is a pharmacological char-
acteristic associated with more stimulant effects and with 
higher potential for addiction. 
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Fig. 3: Pharmacokinetics-Pharmacodynamics of LSD. LSD effects last up to 12h (a) corre-
sponding to its plasma-concentration time curve (b) and exhibiting no hysteresis in the LSD 
concentration-effect plot (c). In contrast, the MDMA concentration-effect plot shows pro-
nounced hysteresis consistent with acute tolerance (d). 

Fig. 2: Pharmacogenetics of MDMA. CYP2D6 phenotypes 
predicted by genotyping modulate the plasma concen-
tration of MDMA and MDMA-induced increases in blood 
pressure and subjective drug liking. Efects increased more 
rapidly in CYP2D6 poor metabolizers (PMs) compared 
with intermediate (IMs) or extensive metabolizers (EMs). 
The data are expressed as the mean ± SEM in seven PMs, 
19 IMs, and 113 EMs. *P < 0.05, **P < 0.01, ***P < 0.001, 
PMs compared with IMs or EMs at the corresponding time.


