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Magic mushroom extracts in lipid membranes 
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A B S T R A C T   

The active hallucinogen of magic mushrooms, psilocin, is being repurposed to treat nicotine addiction and 
treatment-resistant depression. Psilocin belongs to the tryptamine class of psychedelic compounds which include 
the hormone serotonin. It is believed that psilocin exerts its effect by binding to the serotonin 5-HT2A receptor. 
However, recent in-vivo evidence suggests that psilocin may employ a different mechanism to exert its effects. 
Membrane-mediated receptor desensitization of neurotransmitter receptors is one such mechanism. We compare 
the impact of the neutral and charged versions of psilocin and serotonin on the properties of zwitterionic and 
anionic lipid membranes using molecular dynamics simulations and calorimetry. Both compounds partition to 
the lipid interface and induce membrane thinning. The tertiary amine in psilocin, as opposed to the primary 
amine in serotonin, limits psilocin's impact on the membrane although more psilocin partitions into the mem-
brane than serotonin. Calorimetry corroborates that both compounds induce a classical melting point depression 
like anesthetics do. Our results also lend support to a membrane-mediated receptor-binding mechanism for both 
psilocin and serotonin and provide physical insights into subtle chemical changes that can alter the membrane- 
binding of psychedelic compounds.   

1. Introduction 

Humans (and perhaps other animals) have used magic mushrooms to 
induce hallucinations for medical and religious purposes for centuries 
[1]. The most potent magic mushrooms belong to the genus “Psilocybe” 
[1]. Upon ingestion of the magic mushrooms, the compound psilocybin 
[2] is dephosphorylated in the liver to produce the psychoactive sub-
stance psilocin [3,4]. Psilocin enters the systemic circulation and crosses 
the blood-brain barrier to exert its psychoactive effects [1,5]. Psilocin 
induces alterations of the human consciousness, cognition and emotion 
[6], and has recently attracted attention by its potential in addiction 
therapy and as an antidepressant [7–9]. The compound is now in clinical 
trials to address treatment-resistant depression [10]. The altered con-
sciousness induced by psilocin is hypothesized to be dependent upon the 
activation of the 5-Hydroxytryptamine 2A (5-HT2A) receptor, which is 
the classical receptor for the hormone serotonin, which amongst other 
things, is associated with mood and reward [11]. Psilocin is also a 
tryptamine resembling serotonin (Fig. 1) and binds with sub-micromolar 
affinity to several 5-HT receptors [12]. However, recent evidence also 
suggests that in chronically stressed mice, the anti-depressant like effects 

of psilocin were fast, but were not prevented when the 5-HT2A receptor 
was pretreated with an antagonist, suggesting that alternative activation 
mechanisms may be at play [13]. For example, it was hypothesized that 
neurotransmitters (and by extension, psychedelic compounds) can alter 
the conformational equilibrium and desensitize receptors by modifying 
the properties of the membrane [14]. The membrane interaction of 
psychedelic compounds, and the resulting impact on membrane proteins 
is therefore worth investigating. Secondly, the binding of a ligand to a 
receptor may be facilitated by an initial partitioning into the membrane 
followed by rapid diffusion in the lipid membrane to bind to its target 
[15]. Such a mechanism was recently demonstrated for dopamine [16]. 
Thirdly, interactions with intracellular organelle membranes can influ-
ence the efficacy and induce possible side effects of drugs [17]. 

Here, we investigate the partitioning of psilocin and serotonin into 
model lipid membranes and their influence on membrane properties, 
using molecular dynamics (MD) simulations and differential scanning 
calorimetry (DSC). The amine group of psilocin has a pKa of 8.47 [18], 
while that of serotonin is 9.97 [19]. Both the compounds are therefore 
mostly protonated in water, but pKa values can shift in response to local 
environments [20,21]. We therefore investigate both the protonated and 

Abbreviations: MD, molecular dynamics; PSIL, neutral psilocin; PSIL+, charged psilocin; SERO, neutral serotonin; SERO+, charged serotonin. 
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deprotonated forms of the ligands (Fig. 1). 
We find that uncharged, deprotonated psilocin partitions fully into 

membranes, while the charged, protonated versions of serotonin and 
psilocin do not partition completely, despite the presence of 20% POPS 
in the membrane. Both compounds remain at the lipid-water interface, 
orient differently depending on their ionization state, and induce 
membrane thinning, which is also evident from the DSC measurements. 

2. Methods 

2.1. Molecular dynamics simulations 

The model lipid membrane was either purely zwitterionic (POPC) or 
had 20% POPS and 80% POPC lipid molecules (PCPS). The membrane 
models are constructed using CHARMM-GUI [22,23]. The POPC bilayer 
consists of 104 lipids in each leaflet in an initial rectangular box with 
size of 84.28 × 84.28 × 110 Å3. The PCPS bilayer has 105 lipids in each 
leaflet in an initial rectangular box with size of 83.69 × 83.69 × 110 Å3. 
For each bilayer composition, we set up 4 simulations containing (1) 32 
molecules of neutral psilocin (PSIL) (2) 32 molecules of neutral seroto-
nin (SERO) (3) 32 molecules of charged psilocin (PSIL+), and (4) 32 

molecules of charged serotonin (SERO+). PSIL or SERO are initially 
randomly distributed in the aqueous phase (Fig. 3). Control simulations 
of ligand-free bilayers are also set up (Table 1). All ten systems are hy-
drated with 14 k–15 k TIP3P [24] water molecules (35 Å on each side of 
the membrane). 0.15 M K+ Cl− is used as electrolyte and to keep the 
systems electrostatically neutral. We create the initial conformations of 
PSIL, PSIL+, SERO and SERO+ using the molecular editor Avogadro 
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Fig. 1. Chemical structure and numbering of (a) neutral psilocin (PSIL), (b) charged psilocin (PSIL+), (c) neutral serotonin (SERO), (d) charged serotonin (SERO+), 
(e) POPC lipid, and (f) POPS lipid. 

Table 1 
Overview of the performed simulations.  

System number System name Number of ligands Bilayer composition  

1 POPC 0 100% POPC  
2 POPC-PSIL 32 PSIL 100% POPC  
3 POPC-PSIL+ 32 PSIL+ 100% POPC  
4 POPC-SERO 32 SERO 100% POPC  
5 POPC-SERO+ 32 SERO+ 100% POPC  
6 PCPS 0 80% POPC/20% POPS  
7 PCPS-PSIL 32 PSIL 80% POPC/20% POPS  
8 PCPS-PSIL+ 32 PSIL+ 80% POPC/20% POPS  
9 PCPS-SERO 32 SERO 80% POPC/20% POPS  
10 PCPS-SERO+ 32 SERO+ 80% POPC/20% POPS  
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[25,26]. The ligands' topology and parameter (toppar) stream files are 
obtained from the ParamChem server (CGenFF) in CHARMM format. 
Then we used CHARMM36-feb2021 forcefield and a python script 
(cgenff_charmm2gmx_py2_nx1.py) from Mackerell Lab to convert the 
toppar stream file from CHARMM to GROMACS format [27,28]. The 
highest penalty for the parameters was 46.833, for which basic valida-
tion is recommended. Further validation of the parameters is described 
in the Supplementary information. 

We construct three replicas for each of the ten systems with different 
initial distributions of ligands. All simulations are performed using 
GROMACS 2020.4 [29,30] and the CHARMM36 [31,32] force field 
(charmm36-feb2021). All systems are simulated for 500 ns at 310 K 
using the Nosé-Hoover thermostat [33]. The pressure is kept constant at 
1 atm using the Parrinello-Rahman barostat [34]. 

Molecular graphics are prepared using VMD [35]. Calculation of area 
per lipid (APL), membrane thickness, partial density, lipid order pa-
rameters, and radial distribution functions (RDF) is done using GRO-
MACS 2020.4. Data is plotted using Python [36]. When analyzing 
ensemble-averaged properties, we concatenated the last 100 ns of the 
three replicas. 

2.2. Differential scanning calorimetry 

We carry out DSC using DPPC/DPPS lipids because the main tran-
sition temperature of POPC is between − 5 ◦C and 3 ◦C and falls below 
the operating range of most DSC instruments [37]. We obtained DPPC, 
DPPS, and psilocin solution in acetonitrile from Sigma-Aldrich. We 
prepare DPPC/DPPS/psilocin solutions at a concentration of 5 mM, by 
mixing 60–80 mol% DPPC and 20 mol% DPPS in chloroform with 0–20 
mol% psilocin in 5% intervals. Afterwards, the organic solvents are 
evaporated from the samples by a stream and nitrogen gas. Trace 
amounts of chloroform and acetonitrile are removed by keeping the 
samples under vacuum for 48 h. We then hydrate the samples with milli- 
Q water and vortex vigorously to resuspend the lipid film containing the 
ligand. We first run a DSC scan with only milli-Q water to serve as the 
baseline of our upcoming DSC scans. Before adding the sample to the 
DSC instrument, we heat the samples in an 80 ◦C water bath for 20 s 
followed by 20 s of vortexing. We perform all DSC measurements with 
Nano DSC Model 6300 (TA Instruments) with milli-Q water used as the 
reference. The scan rate is set to 0.5 ◦C/min, the start temperature to 
20 ◦C, and end temperature to 60 ◦C. We put a static pressure of 3 atm 
throughout the whole sampling to prevent bubble formation. All ther-
modynamic data obtained from the DSC experiment is analyzed using 
the NanoAnalyze software v3.12.0 [38]. 

3. Results 

Almost all uncharged PSIL, but not all uncharged SERO molecules 
partition into the POPC and PCPS membrane within 500 ns (Figs. 2, 3). 
We attribute the higher partitioning of PSIL due to the presence of the 
tertiary amine in PSIL which makes it more hydrophobic. A higher 
percentage of PSIL+ (~72%) and SERO+ (~67%) partition into the PCPS 
bilayer (Fig. 2b) than the POPC bilayer with ~59% and ~54% respec-
tively (Fig. 2a and Table 2), due to the presence of anionic POPS lipids. 
The partitioning of uncharged PSIL and SERO is not altered by the 
presence of POPS lipids (~96% and ~53% respectively). 

Although there is a clear difference in the partitioning of PSIL and 
PSIL+ in both POPC and PCPS bilayers, such a difference is absent for 
SERO and SERO+ in the POPC bilayer, and only limited to the PCPS 
system. We ascribe these differences to the presence of hydrogen atoms 
in the amine group of SERO. The hydrogen atoms can form hydrogen 
bonds with the lipid phosphate groups for SERO. The addition of another 
hydrogen in SERO+ makes limited difference in the partitioning of the 
compounds in POPC but makes some difference in PCPS owing to the 
formation of an additional salt-bridge between the primary amine and 
the lipid phosphates. For PSIL, however, there is no hydrogen-bonding 
capability in the amine, and the addition of a proton in PSIL+ drasti-
cally increases the hydrogen bonding capability, thus significantly 
increasing the partitioning in the POPC bilayer. 

3.1. Effect on bilayer properties 

The area per lipid (APL, calculated from the projected area) and 
membrane thickness (calculated from the distance between phosphorus 
atoms in the two leaflets) for the ligand-free POPC and PCPS membranes 
are in good accordance with earlier studies [39–41]. The increase in APL 
upon incorporation of the ligands is not only due to the area occupied by 
the ligands, but to overall membrane thinning (Table 2). Partitioning of 
the ligands thins the membranes in all cases. SERO+ has the least impact 
on lipid membrane properties, although more SERO+ partitions into the 
membrane than SERO. We will explain the higher impact of SERO in the 
following sections. 

Lipid order parameters represent the orientational distribution of the 
C–H bond with respect to the bilayer normal, θ, [39] and are given by 
[42]: 

− SCH =
〈3cos2θ − 1〉

2 

The lipid order parameters for the ligand-free PCPS (Fig. 4) and 
POPC membranes (Supplementary Fig. 1) are in good agreement with 
previous studies [39,40,42,43]. All ligands reduce the order parameters 
of the lipid tails, in accordance with the observed membrane thinning. 

Fig. 2. Percentage of partitioned ligand molecules in the (a) POPC bilayer, (b) PCPS bilayer. Numbers are averaged over all three replicas. A ligand is considered 
partitioned in the membrane if its center of mass falls between the phosphate groups in the lipids. 
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Our order parameter profiles are different from previous simulations of 
SERO and SERO+ in DPPC bilayers, where an ordering effect was re-
ported close to the headgroup, and a disordering effect in the lipid tails 
[44]. However, the aforementioned simulations were rather short 
(~100 ns), performed with only a single ligand, and with only 72 lipids 
where the finite-size effect can come into play. 

The disordering of the lipids in our fluid-phase simulations agrees 
with previous 2H NMR and MD simulations of ternary lipid mixtures 
which spontaneously phase separate into Lo and Ld domains [45–47], 
where serotonin reduces order parameters of the disordered phase, and 
increases order parameters of the ordered phase. The simulations in the 
aforementioned articles were only performed with SERO and not 
SERO+, and ~20% SERO partitioned into in the hydrophobic regions of 
the membrane, which we do not see in our data. It is possible that SERO 
can partition into the membrane interior along the Lo-Ld phase bound-
ary, which does not exist in the current set of data. In agreement with 
this hypothesis, there is a higher free energy barrier for entry into the 
membrane interior for a pure Ld membrane, versus a membrane con-
taining both Lo and Ld phases [46]. There is an increase in area per lipid 
and decreased thickness associated with lower order parameters in the 
presence of SERO or SERO+ [45–47], although the effect is lower than 
expected at the concentrations analyzed in the current work. 

The lipid order parameters for the unsaturated lipid tails are shown 

in Supplementary Fig. 2, and display the same qualitative trends. 
PSIL and PSIL+ orient differently at the lipid interface. The amine 

nitrogen N1 is positioned closer to the bilayer center than the aromatic 
N2 in the PSIL simulations (Fig. 5a). PSIL+ is oppositely oriented 
(Fig. 5b) where N2 is closer to the bilayer center. SERO+ is oriented like 
PSIL+ in the membrane (Fig. 5d). 

As expected, the charged amine nitrogen N1 in SERO+ and PSIL+

form salt bridges with the negatively charged phosphate groups of lipids 
(Fig. 6a and b). For serotonin, this is in accordance with previous sim-
ulations [44]. The probability of finding SERO+ N1 near the phosphate 
group is almost three-fold of the probability of finding PSIL+ N1 (Fig. 6) 
near the phosphate group, because N1 is a primary amine in SERO+, 
while in PSIL+, N1 is a tertiary amine with only one hydrogen-bond 
donating hydrogen atom. Furthermore, the methyl groups on N1 in 
PSIL+ sterically hinder interactions of the phosphate groups with N1. 

Uncharged SERO has an orientation different from PSIL, with N1 and 
N2 equidistant from the membrane center and a wider distribution 
reflecting its mobility in the membrane. N1 is deeper in the membrane 
for the PSIL simulations because the tertiary amine is more hydrophobic. 
PSIL is therefore embedded deeper in the membrane compared to SERO 
(Fig. 5). Note that the interfacial distribution of N2 remains the same 
irrespective of the protonation state of the PSIL or SERO. N2 makes 
hydrogen bonds with the glycerol backbone of the lipids along with the 

Fig. 3. Initial (a and c) and final (b and d) screenshots of the PSIL (a and b) and PSIL+ (c and d) simulations with PCPS (lateral view). Water and ions are excluded for 
simplicity. POPC is shown in purple and POPS in yellow. The ligand molecules, PSIL and PSIL+, are shown in licorice representation. 
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hydroxyl group on the 6-membered ring. (Fig. 6). The density profiles in 
Fig. 5, and the RDFs in Fig. 6 are in agreement with a host of experi-
mental data [47,48], which demonstrates that the ring region of sero-
tonin is located in the glycerol region. Only the distribution of N1 
changes upon protonation (Figs. 5 and 6). Charged SERO+ and PSIL+ are 
anchored to the membrane via the lipid phosphate groups, as evident in 
radial distribution functions (Fig. 6). 

The interactions of the amine of SERO+ and PSIL+ with the lipids are 
more prominent in the PCPS bilayer than the POPC bilayer (Supple-
mentary Fig. 4) for the charged ligands because the PCPS bilayer con-
tains negatively charged POPS lipids. 

The depth of both compounds in the membrane is independent of the 
presence of anionic lipids in the membrane (Fig. 5 and Supplementary 
Fig. 3), because both compounds are anchored to the lipid bilayer by 
strong interactions with the negatively charged lipid phosphate groups, 
which are present in both the PCPS and POPC systems. 

The impact of SERO+ on the bilayer (Table 2) is less compared to 
SERO, because SERO+ is aligned parallel to the lipids with N1 close the 
phosphate and N2 closer to the bilayer center. Therefore, SERO+ packs 
better in the membranes than SERO. Despite higher partitioning into the 
membrane, the impact of PSIL is comparable to that of SERO, because 

the tertiary N1 amine can embed deeper in the membrane (Fig. 5 and 
Supplementary Fig. 5, and not hinder lipid packing in the headgroups to 
the same extent as SERO, where the amine is closer to the lipid-water 
interface. It is also possible that more PSIL could be accommodated in 
the membranes than the 32 molecules simulated in the current set of 
simulations. The membrane thinning effect of the ligands is also 
apparent in the DSC measurements. 

3.2. Differential scanning calorimetry 

At low concentrations below 5 mol% psilocin, Tm decreases from 
43.8 ◦C to 42.5 ◦C (Fig. 7a) following a classical melting point depression 
[49], where psilocin mixes ideally with the fluid phase in the solid-fluid 
co-existing region at the phase transition. However, the effect flattens 
out above the psilocin concentration of 5 mol% where the Tm remains 
fairly constant. The flattening either indicates non-ideal mixing [50], or 
that no more psilocin partitions beyond 5–10%. Similarly, the enthalpy 
and entropy change flatten out after a steep decrease from 0 to 10 mol% 
(Fig. 7). If the maximum psilocin incorporated in the membrane is 5 to 
10 mol%, then it is likely that a large fraction of psilocin is protonated, 
because PSIL+ also partitions to the same extent (Fig. 2). The decrease in 
ΔH is due to the disorganization of lipids because an increasing psilocin 
incorporation, weakens the van der Waals forces between the lipid alkyl 
chains, thus making the lipids more fluid [51]. A similar reduction in the 
phase transition of DMPC lipid bilayers was observed in prior DSC 
measurements of Serotonin [44]. 

Overall, DSC shows that psilocin impacts the phase transition in 
DPPC/DPPS lipids by lowering the phase transition temperature, Tm, 
and change in enthalpy, ΔH, and entropy, ΔS. The membrane- 
disordering effect in the simulations also indicates stabilization of the 
fluid phase. Such an effect is observed for a wide range of compounds 
which lower the melting point of lipid membranes, including anesthetics 
[49,52–54]. 

Our simulations were carried out for POPC/POPS membranes, while 
the DSC was implemented for DPPC/DPPS lipids for reasons noted in the 
Methods section. To confirm that the POPC/POPS simulations were 
qualitatively extendable to DPPC/DPPS simulations, we implemented 
simulations of the compounds with DPPC and a DPPC/DPPS mixture at 
333 K and find that the impact of psilocin and serotonin on fully satu-
rated DPPC and DPPC/DPPS membranes is qualitatively identical to that 
on POPC and POPC/POPS membranes. The extent of partitioning into 
DPPC/DPPS membranes is reduced for all compounds except PSIL. We 
attribute this to an increased contribution of entropy at the higher 
temperature in the DPPC/DPPS simulations, where it becomes more 
favorable for the compounds to be in water. For PSIL, this effect is 
weaker because nearly all of it partitions into the bilayer because of 
higher hydrophobicity. In addition, data for the DPPC/DPPS systems are 
from a single replica (versus 3 replicas in the POPC/POPS systems), 
resulting in higher standard deviations. One must also note that quali-
tatively, the extent of partitioning for different compounds compares 
similarly for POPC/POPS and DPPC/DPPS systems. These data have now 
been included in the supplementary information (Supplementary Fig. 6 
and Supplementary Table 1). 

4. Conclusions 

We have investigated interactions of the hallucinogenic psilocin and 
the neurotransmitter serotonin in both neutral and charged forms with 
POPC and a mixed POPC/POPS (PCPS) bilayers using MD simulations. 
Psilocin and serotonin partition differently in the bilayer depending on 
their charge, and serotonin has a wider distribution near the head-
groups, while psilocin penetrates deeper. We also ran one simulation of 
systems 7 (PSIL in PCPS) and 8 (PSIL+ in PCPS) for 5 μs and the results 
were identical to the 500 ns simulations (Supplementary Fig. 7), sug-
gesting that 500 ns is sufficiently long for all available ligand to partition 
in the membrane. In DSC, ΔH remains the same for DPPC and POPC 

Table 2 
Overview of area per lipid (APL), membrane thickness and percentage of par-
titioned ligands for the 10 systems.  

System 
number 

System 
name 

APL ±
block error 
(Å2) 

Membrane thickness 
± block error (nm) 

% partitioned 
± S.D  

1 POPC 64.93 ±
0.09 

3.88 ± 0.05   

2 POPC- 
PSIL 

68.74 ±
0.18 

3.80 ± 0.05 96 ± 2  

3 POPC- 
PSIL+

67.18 ±
0.14 

3.81 ± 0.05 59 ± 4  

4 POPC- 
SERO 

67.54 ±
0.16 

3.79 ± 0.05 53 ± 5  

5 POPC- 
SERO+

66.22 ±
0.13 

3.83 ± 0.05 54 ± 5  

6 PCPS 63.70 ±
0.11 

3.93 ± 0.05   

7 PCPS- 
PSIL 

67.71 ±
0.09 

3.84 ± 0.05 97 ± 2  

8 PCPS- 
PSIL+

66.48 ±
0.13 

3.84 ± 0.05 72 ± 5  

9 PCPS- 
SERO 

66.55 ±
0.32 

3.83 ± 0.05 53 ± 5  

10 PCPS- 
SERO+

65.04 ±
0.13 

3.89 ± 0.05 67 ± 5  

Fig. 4. Lipid tail order parameters of PCPS sn-1 tails of the PCPS membrane 
reference (black ●), neutral psilocin PSIL (blue ), charged psilocin PSIL+

(green ), neutral serotonin SERO (red ), charged serotonin SERO+ (yellow ). 
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despite the difference in Tm [37]. Determination of the change in 
enthalpy, ΔH, and entropy, ΔS, is dependent on how the baseline is 
chosen and may give rise to inaccuracies [55]. The DSC data is also 
based on a single replica due to limited material. The POPC and PCPS 
bilayers are simple membrane models, but sufficient to extract key 
thermodynamic features of ligand-lipid interaction. The presence of 
cholesterol and other lipids may alter the extent to which the molecules 
partition into the membrane, although the qualitative effects are likely 
to be the same. 

The protonation state of all chemical species remains unaltered in the 

simulations. A fixed protonation state does not consider the possible 
redistribution of charges of the tertiary amines near the lipid headgroups 
due to polarization effects. The pKa of the compounds can possibly 
change in an environment with many charged groups. Such an effect can 
however not be modeled in the current set of classical simulations. 

The evidence presented here suggests that the neurotransmitter se-
rotonin, and a putative agonist analog psilocin both have anesthetic-like 
effects on the lipid membrane and therefore can potentially influence 
the conformational equilibrium of the membrane-embedded 5-HT2A 
receptor. The binding depth of both serotonin and psilocin will facilitate 

Fig. 5. Normalized partial density profiles in PCPS of N1 ( ) and N2 groups ( ) for (a) PSIL, (b) PSIL+, (c) SERO, (d) SERO+ relative to the PCPS 
phosphate P ( ) and glycerol group ( ). The center of mass of the ligand is represented as a dotted black line ( ). Data for the POPC simulations is 
qualitatively identical and shown in Supplementary Fig. 3. 

Fig. 6. Radial distribution functions in PCPS systems of (a) N1 
atoms of charged and uncharged psilocin (phosphorus atom 
have been used as reference particle) (b) N1 atoms of charged 
and uncharged serotonin (phosphorus atom have been used as 
reference particle) (c) N2 and OH atoms of charged and un-
charged psilocin (SN2 glycerol oxygen atom have been used as 
reference particle) (d) N2 and OH atoms of charged and un-
charged serotonin (SN2 glycerol oxygen atom have been used 
as reference particle). Note that the scale of the y-axis is 
different for the (a) and (b) plots. Data for the POPC simula-
tions is qualitatively identical and shown in Supplementary 
Fig. 4.   
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binding to the active site of 5-HT2A, which lies within 2 nm of the bilayer 
center (Zanjani et al, in preparation). We are in the process of comparing 
the effect of membrane-bound ligands to protein-bound ligands on the 
conformation of the receptor to ascertain the extent of membrane- 
mediated effects on activity. There are other compounds like psilocin 
in the tryptamine class of psychedelics. Dimethyltryptamine (DMT) is 
found in many plants and animals and lacks the hydroxyl group alto-
gether, making it more hydrophobic than psilocin. In bufotenin, which is 
found in toads, mushrooms and plants, the hydroxyl group is substituted 
like in serotonin. Another plant psychedelic is 5-methoxy DMT. It is 
worth noting that all these known psychedelics have a tertiary amine 
like psilocin, which will improve membrane partitioning. Subtle 
changes in the structure of the compounds can have a significant impact 
on membrane-partitioning properties, as demonstrated by the impact of 
the tertiary amine in psilocin, as opposed to the primary amine in se-
rotonin. Our investigation can support the future development of novel 
tryptamines as psychedelic compounds. 
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