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METHOD OF QUANTIFYING PSILOCYBIN'S MAIN
METABOLITES, PSILOCIN AND 4-HYDROXYINDOLE-3-
ACETIC ACID, IN HUMAN PLASMA

GRANT INFORMATION
{0001} Research in this application was supported in part by a grant from the Swiss
National Science Foundation {Grant No. 32003B_185111).
BACKGROUND OF THE INVENTION
1. TECHNICAL FIELD
{0002 The present invention relates fo compositions and methods for identification and
quartification of psilocin, the active metabolite of psilocybin, and 4-hydroxyindole-3-acetic acid,
the main inactive metabolite of psilocybin, in human blood plasma.
2. BACKGROUND ART
f0003] Psilocybin is a popular recreational subsiance found in several species of
psychedelic mushrooms {Psilocybe) which cause “mind-alisring” effects in humans (Hofmann
et al., 1959; Nichols, 2004). isolated in 1958 by A. Hofmann, psilocybin’s psychoactive effecis
are predominately mediated via 5-HTza receptors (Rickli et al., 2016; Vollenweider et al.,
1298). Hecently, psilocybin has been repurposed and investigated for the treatment of cluster
headache, obsessive compulsive disorder, anxiely and depression, and in alcohol use disorder
(Bogenschutz et al., 2018; Carhart-Harris et al., 2017; Griffiths et al,, 2016; Grob et al., 2011;
Johnson et al., 2017; Moreno et al., 20006; Ross et al., 2016; Sewell ot al., 2008). Thus, there is
a great interest in using psilocybin as a medication and a great need of further clinical studies.
This also creates a need for a better understanding of the pharmacokinetics of psilocybin and
psilocin and methods of quantifying these substances and their metabolites in human plasma.
{0004] Psilocybin is an indole alkaloid and structurally resembles the neurotransmitter
serotonin (Hasler et al., 1997; Passie et al.,, 2002) (FIGURE 1A}. Once ingested, the prodrug

psilocybin is rapidly metabolized by intestinal alkaline phosphaies and nonspecific esterases o
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psilocin (FIGURE 1B), which is responsible for psilocybin's psychoactive effects (Nichols,
2004; Rickli et al., 2018).

{0005} Subjective effects of psilocybin peak after 2 hours afier oral administration and
last for 6 hours (Griffiths et al., 2018, Passie et al., 2002). Consistently, psilocin reaches peak
concentrations of 1040 ng/mi in plasma 1.5-2 hours after oral administration and is
eliminated with a half-life of 2-3 hours (Brown et al., 2017; Hasler et al., 1997). However, this
pharmacokinetic data is preliminary and needs confirmation. For example, plasma was
sampled only for 6.5 hours {Hasler et al., 1997) which does not adequately reflect the entire
pharmacokinetic profile of psilocybin treatments and does not aliow for the precise
determination of drug exposure and elimination half-life of psilocin and 4-hydroxyindole-3-
acetic acid (4-HIAA). Furthermore and importanily, psilocin undergoes glucuronidation by
UDP-glucuronosyltransferases (UGT) 1AS in the liver and UGT1A10 in the small intestine to
psilocin-O-glucuronide (FIGURE 1C), the major metabolite of psilocin considering that 80% is
excreted from body in this form {(Grieshaber et al., 2001; Hasler et al., 2002; Manevski et al.,
2010). The studies conducted so far 1o evaluale the pharmacokinetics of psilocin did not
assess both unconjugated (active) psilocin and conjugated (inactive) psilocin o validly
determine the pharmacokinetic parameters of both forms of psilocin. To solve this important
problem, a method of determining both forms in human plasma is first needed.

{0006] Psilocin is also deaminated and oxidized by liver aldehyde dehydrogenase and
monoamine oxidase to 4-hydroxytryptophol (4-HTP} (FIGURE 1E) and 4-HIAA (FIGURE 1D)
(Hasler et al., 1997; Lindenblalt ei al.,, 1998; Passie et al., 2002). Valid assessments of the
pharmacokinetics of these substances after controlied psilocybin administration are also
lacking. With a rapidly growing interest of applying psilocybin as a potential therapsutic agemt
for various psychiatric disorders, it is essential to expand the knowledge of its clinical
pharmacoclogy. For instance, valid pharmacckinetic (PK) data in larger populations is needed

and dose finding studies invesiigating the PK -pharmacodynamic (PD) relationship and drug-
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drug interaction studies are pending and reguire suitable bioanalytical methods.
Pharmacokinetic data is also needed to generate reference conceniration values for psilocin to
adjust dosing in patients treated with psilocybin or other psilocin prodrugs. For exampie,
plasma concentrations may be measured in patients who do not show the expected acute
psychoactive response o psilocybin or an insufficient therapeutic response. To this aim, a
method to measure psilocin concentrations is needed o measure the conceniration in plasma
at a defined time point or repeatedly (Cmax or full PK profile) and the palient’s values can then
be compared with reference daia from a larger population to determine correct dosing and to
adjust dosing within a therapeutic drug monitoring (TDM) approach for psilocybin-assisted
therapy.
{00073 Untii now, most methods have focused on quantification of psilocybin’s
metabolites for the purpose of drug screening or preliminary pharmacokinetic studies involving
limited sample size. Quantification of psilocin in plasma or urine samples was achieved by
processing large amounis of sample including work-intensive exitraction procedures and
selective analysis was warranted using lengthy chromaiographic gradient programs. Over the
past years, gas chromatography (GC) and HPLC methods were developed detacting psilocin
by single or tandem mass specitrometry. Even though less sample volume was required, the
methods made use of ime-consuming liquid-liquid or solid-phase exiractions and the run time
was rarely below 10 minutes. Thus, these methods are impractical {or the analysis of large
amounts of samples.
{00083 Therefore, there remains a need for an effective method of evaluating psilocybin
metabolites in plasma.

SUMMARY OF THE INVENTION
{0008} The present invention provides for a method of measuring and identifying
metabolites of a tryptamine compound, by oblaining a sample from an individual, and

measuring and idenlifying metabolites of the tryptamine compound in the sample by
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performing a LC-MS/MS analysis.
f000190] The present invantion also provides for a method of adjusting dosing in patients
with tryptamine compound-assisted psychotherapy in therapeutic drug monitoring (TDM), by
obtaining a sample from an individual, measuring and identifying metabolites of the tryptamine
compounds in the sample by performing a LC-MS/MS analysis, and adjusting a dose of the
tryptamine compounds based on the measured metabolites.

DESCRIPTION OF THE DRAWINGS
{00011} Other advantages of the present invention are readily appreciated as the same
becomes better understood by reference to the following detailed description when considered
in connection with the accompanying drawings wharein:
[00012] FIGURES 1A-1E are chemical structures of psilocybin and metabolites, oral
psilocybin (FIGURE 1A) is an inactive prodrug and is rapidly hydrolysed to psilocin, the active
drug (FIGURE 1B), which further undergoes a glucuronidation to psiocin-O-glucuronide
(FIGURE 1C), or is deamined and oxidized {o 4-hydroxyindol-3-yl-acetic acid (4-HIAA)
(FIGURE 1D) and 4-hydroxytryptophol (4-HTP) (FIGURE 1E);
{00013] FIGURE 2 is a graph of the chromatographic separation of psilocin and 4-HIAA
and their respective internal standards, psilocin-dio and tryptophan-ds, in human plasma;
{00014} FIGURE 3 is a graph of 4-HIAA background noise of blank plasma recorded in
positive and negative ionisation mode;
[00015] FIGURES 4A-4D are graphs of the selectivity of psilocin and 4-HIAA in blank
plasma from seven different individuals, FIGURE 4A shows double blank for psilocin, FIGURE
4B shows biank for psilocin, FIGURE 40 shows double blank for 4-HIAA, and FIGURE 4D
shows blank for 4-HIAA;
{000186] FIGURE 5A is a table of the selectivity of psilocin and 4-HIAA in human plasma
spiked to LLOQ level (0.25 ng/mi psifocin or 2.5 ng/mi 4-HIAA) compared 1o signals of double

biank and blank, and FIGURE 5B is a table of the selectivity of psilocin and 4-HIAA in human
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plasma spiked to LLOQ (0.25 ng/ml psilocin or 2.5 ng/ml 4-HIAA);
f00017] FIGURE 6 is a table of the stability of psilocin and 4-HIAA, and
{00018] FIGURE 7A is a graph of the pharmacokinstic profile of psilocin and psilocin-
giucuronide, and FIGURE 7B is a graph of the pharmacokinetic profile of 4-HIAA.

DETAILED DESCRIPTION OF THE INVENTION
{00019] The present invention provides for a method of measuring metabolites of
tryptamine compounds, preferably psilocybin, such as psilocin and 4-HIAA, in a human sample
such as plasma. This method is validated providing information of the quality and performance
of the method and an application in human subjects including a first description of the
pharmacokinatics of both unconjugated and conjugated psilocin to validiy derive the
pharmacokinetic parameters. The invention also inciudes the application of the analytical
method to larger phase 1 clinical studies allowing a later more comprehensive assessment of
the pharmacokinetics of psilocybin.
{00020] “Sample” as used herein, refers o a sample of plasma, blood, urine, saliva, or
other bodily fluid from an individual, and preferably from a human or mammal.
[O0021] “Metabolite” as used herein, refers 1o an intermediale or end product of an
original active compound as the product of metfabolism. The metabolites in the present
invention are preferably metabolites of psilocybin, including psilocin, 4-HIAA, psilocin-0O-
glucuronide, or 4-HTP. Besides, psilocybin, other prodrugs of psilocin have been described or
are being developed. The method can also be used to determine psilocin and metaboelites of
psilocin after administration of any other prodrug of psilocin or any other psilocin analog that
results in the same metaboliles. Furthermaore, the method can be adjusted io include the
analysis of other tryptamine compounds, including analogs of psilocin, analogs of psilocybin,

dimethyltryptamine (DMT), and analogs or prodrugs of DMT. This includes the analytical

method as well as the concept of TOM for psilocybin-analog-assisted psychotherapy.

{00022] LC-MSMS” as used herein, refers {0 a liquid chromatography-tandem mass
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spectrometry analytical chemisiry technique.

f00023] The praesent invention provides for a method of measuring and identifying
metabolites of psilocybin, by obtaining a sample from an individual, and measuring and
identifying metabolites of psilocybin in the sample by performing a LC-MS/MS analysis. Most
generally, the LO-MS/MS analysis is performed by separating analytes using a modular ultra-
high performance liquid chromatography sysiem, performing elecirospray ionisation, and
detecting analytes by mutltiple reaction monitoring.

[00024] In contrast to existing LC-MS/MS methods the present invention is further
developed to be faster, using lower samples sizes, and iis application also includes
assessments of conjugated metabolites and the set-up of reference PK data for later TDM.
This analytical method and the associated TDM application can be used to identify individuals
who have taken psilocybin, and whether the psilocybin is being metabolized in the body of the
individual sffectively. If the metabolites are not at an expected level, dosing of the psilocybin
can be adjusted in the individual as needed.

f00025] Therefore, the present invention provides for a method of adjusting dosing in
patients with tryptamine compound-assisted psychotherapy in therapeutic drug monitoring
(TDM), by obtaining a sample from an individual, measuring and identifying metabolites of the
tryptamine compounds in the sample by performing a LC-MS/MS analysis, and adjusting the
dose of the tryptamine compounds based on the measured metabolites.

{00026] A thorough development and full validation according to regulatory bicanalytical
guidelines (FDA/EMA) of an LC-MS/MS method is provided for the analysis of psilocin and 4-
HIAA in human plasma. Herein is a staie-of-the-art LC-MS/MS method to investigate the PK of
psilocybin, thereby characterizing phase | and il metabolites. The method is an improvement
on other methods as it is at least 8-times more sensitive, uses small amounts of sample,
involves an uncomplicated extraction protocol, and includes rapid sample analysis. In order to

accomplish the aforementioned methodological advaniages, samples were diluted online,
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enabling a semi-automaied workflow to extract and analyze samples in 96-well plate format,
facilitating high-throughput analysis. In addition, the method was put info practice and the
clinical application of the method was demonsirated by assessing the PK of psilocin and 4-
HIAA in three healthy participanis in a clinical study. Furthermore, the method is used to
establish reference PK data for psilocybin to support later TDM.

100027] Psilocybin is investigated as a medication to treal a range of psychiairic
disorders. Psilocin is the active metabolite of psilocybin and is a serotonergic psychedelic
substance. The pharmacokinetic properties of psilocin are poorly characterized. There is a
need for validly and rapidly measuring psilocin plasma levels 0 analyse human plasma
samples from pharmacokinetics studies. 4-hydroxyindole-3-acetic acid (4-HIAA) is the main
inactive metabolite of psilocybin.

{00028} Once psilocybin is marketed and regularly used in patients there is a need for
TDM to determing plasma concentrations of its active metabolite psilocin. For example, plasma
levels of the drug can be determined in patients not responding to usual doses of psilocybin to
adjust dosing. However, a method is needed to measure psilocin conceniration validly and
rapidly in plasma allowing to provide physicians with such information. Additionally, psilocin to
metabolite ratios can be used to identily slow or rapid metabolizers. Furthermore, metabolites
with longer elimination half-lives in plasma can be used in addition o determing exposure (o
psilocybin and {o adjust dosing. Finally, metabolite levels can be used io diagnose
intoxications with psilocybin. Therefore, the present invention was developed and validated
and includes a rapid LC-MS/MS method to quantify psllocin and its metabolite 4-HIAA in
human plasma. Plasma samples were processed by protein precipitation using methanol. The
injected sample was mixed with water in front of the C1s analytical column to increase retention
of the analytes. Psilocin and 4-HIAA were detected by multiple reaction monitoring in positive
and negative electrospray ionisation mode, respectively.

{00029 As described in EXAMPLE 1 below, an inter-assay accuracy of 100-109% and
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precision of £8.7% was recorded over three validation runs. The recovery was near o
complete (204.7%) and importantly, consistent over different concentration levels and plasma
baiches (CV%: £4.1%). The plasma matrix caused negligible ion suppression and endogenous
interferences could be separated from the analytes. Psilocin and 4-HIAA plasma samples can
be thawed and re-frozen for three cycles, kept at room temperature for 8 hours or 1 month at -
20°C without showing degradation (£10%). The linear range (R 20.998) of the method covered
plasma concentrations observed in humans following a common therapeutic oral dose of 25
mg psilocybin and was therefore able to assess the pharmacokinetics of psilocin and 4-HIAA.
The LC-MS/MS method was convenient and reliable for measuring psilocin and 4-HIAA in
piasma and is useful to facilitate the clinical development of psilocybin and TDM when
psilocybin is used in patients.

{00030] The invention is further described in detail by reference to the following
experimental examples. These examples are provided for the purpose of illustration only and
are not intended 1o be limiling unless otherwise specified. Thus, the invention should in no
way be construed as being limited to the following examples, but rather, shouid be construed
to encompass any and all variations which become evident as a result of the tsaching provided
herein.

{00031} EXAMPLE 1

{00032] This example study and method description was also shown in (Kolaczynska et
ai., 2021). Psilocin was purchased from Lipomed (Arlesheim, Switzerland), psilocin-dio and L-
ascorbic acld (AA) from Sigma-Aldrich {8t Louis, USA) and L-tryptophan-ds from Toronto
Research Chemicals (Toronto, Canada). 4-hydroxyindole-3-acetic acid (4-HIAA) and 4-
hydroxytryptophole (4-HTP) were obtained from ReseaChem (Burgdorf, Switzeriand). LC-MS
grade water and methanol were purchased from Merck (Darmstadt, Germany). Formic acid,
and dimethyl sulfoxide {DMSO} were obtained from Sigma-Aldrich. Drug free human blood

was obtained from the local blood donation center (Basel, Switzerland). Blood was collected in
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Lithium heparin coaled S-Monovetie® iubes (Sarstedt, NUmbrecht, Germany). Plasma for
calibration and guality control (QC} samples was produced by centrifugation for 10 min at 4000
rpm {Eppendorf Centrifuge 5810 R).

[00033] LC-MS/MS instrumentation and settings

{00034] The analytes were separated using a modular uitra-high performance liguid
chromatography (UHPLC) system (Shimadzu, Kyoto, Japan) consisting of four pumps {A, B, C
and D). The UHPLC system was connected to a 4000 QTRAP tandem mass spectromeier (AB
Sciex, Ontaric, Canada).

{00035] Psilocin and 4-HIAA were retained on a Symmetry Cqa analytical column (3.5 UM,
100 A, 4.6 x 75 mm, Waters, Massachusetts, USA), which was heated at 45°C in the column
oven. Water was used as mobile phase A and methanol as mobile phase B. Both mobile
phases contained 0.1% formic acid. The injected sample (10 pb) was mixed before the
analytical column in a T-union with mobile phase A delivered by pump C. The initial flow rate of
pump G was 1.3 mi/minute, which was gradually reduced during the first 0.5 minute of each
run. Concurrently, pump A and B loaded the sample onlo the analytical column using 10%
mobile phase B and a flow rate of 0.3 ml/minute. The flow rate was steadily increased from
0.3 mi/minute to 0.5 mi/minute over the first 0.5 minute and kept at this speed until the end of
the run (0.5-4.5 minutes). In order 1o elute the analytes, mobile B concentration was linearly
increased to 95 % between 0.5 and 3 minutes. Afterwards, the column was washad for 1
minute at 95% mobile B and finally re-conditioned for 0.5 minute at 10% mobile B. Between
each sample injection the autosampler port was washed with a washing solution composed of
water, methanol, acetonitrile, and isopropanc! (1:1:1:1). The gradient program resulted in a
retention time of 2.17 minutes for psilocin and psilocin-dis, 2.81 minutes for tryptophan-ds, and
3.36 minutes for 4-HIAA. Therefore, the UHPLC flow was connected with the tandem mass
spectrometer only between 1.5 and 3.8 minutes of the run and otherwise directed into the

solvent wasts.
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{00038] Elecirospray ionisation in the positive polarity mode was used for psilocin and
psilocin-dio, whereas 4-HIAA and L-iryptophan-ds were ionised in the negative mode (TABLE 1

and FIGURE 2).

TABLE 1. The detecied analytes mass transitions and mass specirometry parameters.

Analyte MEM (m/z) (Q1—Q3) DP (V)  EP(V) CE(V) CXP(V)
Psilocin 205.2- 58.1 36 10 31 10
Psilocin-dio 215.2- 66.0 36 10 25 12
4-HIAA 189.9— 130.9 -40 10 -34 -19
L-Tryptophan-ds _ 208.0— 120.0 -80 10 26 17

MRM, Multiple reaction monitoring; m/z, mass io charge ratio; PP, Declustering potential; EP,
Entrance potential; CE, Collision energy; CXP, Collision cell exit potential; V, voltage; 4-HIAA, 4-
hydroxy-indole-3-acetic acid.

{00037] In FIGURE 2, psilocin {100 ng/mi, black line) and psilocin-die {10 ng/mi, dotted
line) were both detected after 2.16 minutes in positive ionisation mode. The polarity mode was
swiiched after 2.5 minutes from positive 10 negative electrospray ionisation in order {o detect 4-
HIAA (1000 ng/mi, black ling) which eluted after 3.36 minutes. The retention time of
tryptophan-ds (1000 ng/mi, dotted line}, the internal standard of 4-HIAA, was at 2.81 min.
{00038] The analytes were detected by multiple reaction monitoring (MRM) by the
following mass transitions (Q1— Q3): psilocing 206.2— 58.1 m/z, psilocin d-10; 215.2— 66.0
m/z, for 4-HIAA; 189.9— 130.9 m/z, and for tryphtophan-ds; 208.0— 120.0 m/z. Nitrogen was
employed as ion source (gas 1; 80 Vmin, gas 2; 50 I/min), curtain (10 I/min) and collision gas (4
minj. The ion spray voltage was set at +5500 V and -4500 V in the positive and negative
mode, respectively. The source temperature was 500°C.

{00039] The LC-MS/MS systermn was operated with Analyst software 1.7 (AB Sciex) and
data were analysed with MultiGQuani software 3.0.3 (AB Sciex).

[00040] Calibration and quality control samples preparation

{00041] Psilocin and 4-HIAA were weighed in duplicate in order 1o obtain two separate
stock solutions, one for calibration samples and the other for QC sample preparations. The

analytes were dissolved in DMSO containing 0.1 M ascorbic acid {DMSO-AA) {0 obtain a final
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concentration of 10 mg/ml. A calibration and GC working solution mixture of 20 ug/mi psilocin
and 200 pg/mi 4-HIAA was prepared and serially diluted in DMSC-AA up 1o 0.025 pg/m! and
0.25 pg/mi, respectively. Calibration and QC working solutions were mixed with blank human
plasma in a ralio of 1:100 (v/v). Calibralion samples covered a range from 0.25-100 ng/mL for
psilocin and 2.5-1000 ng/mL for 4-HIAA.

{00042] The QC samples were prepared at the lower limit of guantification (LLOQ), low
concentration {QCLow), mid concentration (QCwuip}, and high concentration (QCrign) level
corresponding 1o a plasma concentration of 0.25, 0.5, 10, and 50 ng/ml for psilocin and 2.5,
5.0, 100, and 500 ng/mi for 4-HIAA. All solutions were stored in light protected tubes at -20 °C.
{00043] The internal standards (I8) psilocin-dio and tryptophan-ds were prepared in
DMSO-AA at a final concentration of 10 mg/ml. An IS working solution containing 10 ng/ml
psilocin-dio and 1000 ng/mi tryptophan-ds was made in methanol and stored at -20°C.

[00044] Sample extraction

{00045] Aliguots of 50 ul plasma were pipetled inio 96-well autosampler plates (Mairix
blank storage tubes, Thermo Fischer, Massachusetis, USA) and supplemented with 5 il of 0.1
M ascorbic acid. Next, the samples were mixed with 150 pl IS working solution and vortex
mixed for 30 seconds. The exiracts were then centrifuged for 30 minutes at 10°C and 4000 rpm
fo receive a clear and prolein free supernatant. The samples were placed inside the
autosampler at 10°C, where 10 u of the supernatant was injected into the LC-MS/MS system.
{00046] Method validation

{00047] The analytical method was validated according to the guidelines on biocanalytical
method validation of the European Medicines Agency (EMA) in terms of method linearity,
accuracy and precision, selectivity and sensitivity, mairix effect and exiraction recovery, and
analyte stability (European Medicines Agency, 2011).

{00048] Linearity

[00049] Each calibration line consisted of two sets of a blank, a double blank, and eight

11
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calibration samples. The double blank sample was exiracted with pure methano! and the cther
samples with IS solution. Calibration samples were analysed by increasing analyte
conceniration, whereas the double blank sample was injected safter the upper limit of
guantification (ULOQ) sample to determine the analyle carry-over between the analytical runs.

f00050] Calibration lines were established by linear regression {weighting 1/x%) of the
nominal analyte conceniration (x) against the analyte to 18 peak area (y). Psilocin-dig was
used as IS for psilocin, whereas tryptophan-ds was the 1S of 4-HIAA. The relationship had o
result in a correfation coefficient of >0.99 (R). Calibration samples with an accuracy outside of
85-115% (LLOOQ: 80-120%) were excluded. However, the calibration line had to coniain at
least 14 determinations (>75%;) including one LLOQG and one ULOG sample.

[00051] intra- and inter-assay accuracy and precision

{00052] The intra- and inter-assay accuracy and precision were examined by conducting
three independent validation runs on three separate days. Each validation run consisted of two
seis of calibration lines measured at the beginning and end of the assay. in between, seven
replicates of four QC levels (LLOQ, QCrow, QCumin, and QCuicr) were measured. The accuracy
and precision of the method was evaluated by analysing the replicas of a single run (inira-
assay, n=7} and of all three runs (inter-assay, n=21}.
{00053] The precision was determined by calculating the coefficient of variation {CV%)
ner QC level for each individual run (intra-assay) as well as for all three runs (inter-assay). A
precision of <15% (LLOQ: £20%) was acceptable.

{00054] The QC sample concentration was caiculated based on the linear equation of the
twa calibration sets. The difference (%) between the calculated and the nominai concentration
specified the accuracy of the measurement. The mean accuracy had to be between 85-115%
(LLOQ: 80-120%), whereas at least 7% of all QC samples at each concentration level {infra-
assay: 5 out of 7, inter-assay: 15 out of 21) had to fall within this range.

{00055] Sslectivity and sensitivity

12
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[000586] The selectivity of the method was examined by analysing blank samples from
seven different subjects. These samples were processed with and without 1S 1o determine if
interference is caused by components of the plasma matrix or the IS itself, respectively.
Furthermore, each blank sample was spiked at the LLOG concentration (psilocin: 0.25 ng/mi or
4-HIAA: 2.5 ng/mi} 1o evaluate the sensitivity of the method. The method was considered to be
selective if the LLOQ signal intensity was at least five times higher than the background noise
of blank plasma. To validate the method sensitivity, the LLOQ samples of seven different
baiches of plasma had to display a precision of £20% and a mean accuracy of 80-120%,
where ai least 67% of the samples had to lie within these limiis.

[00057] Extraction recovery and matrix effect

{00058] The extraction recovery and matrix effect were investigated for seven different
plasma batches at the LLOQ, QClow, QCwmip, and GCriaH concentration levels.

[00059] The extraction recovery was estimated by spiking blank plasma (before
exiraction) and blank plasma supernatanis (after exiraction) using equal amounts ¢of analyle.
The peak area found in the spiked supernatant corresponded to 100% recovery and was
compared {o the peak area of spiked and processed plasma samples.

{00060] The matrix effect was determined by comparing the analyte peak area in
samples with and without mairix. Therefore, pure water and exiracted blank plasma (after
exiraction) were prepared with equal amounts of analyte. The ratio (%) of the analyte peak
area in plasma extracts to the peak area in water corresponded 1o the matrix effect.

{00061] Overall, the recovery and maltrix effect had to be consistent with a CV% of less
than 15% between different plasma batches and concentration levels.

{00062] Stabiity

{00063] The stability of psilocin and 4-HIAA in plasma were investigated under different
storage conditions. Seven replicates of LLOQ, QCiow, GCmp, and QChicn samples were

stored for 8 hours at room temperature (bench-top stability) and for 1 month at -20°C {one-
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month stability). Moreover, the stability was assessed afier three consecutive freeze and thaw
cycles {freeze/thaw stability), thereby freezing the QO samples at -20°C for at least 24 hours
and thawing them aflerwards at room temperature. The conceniration of those stability test
samples was calculated based on a freshly prepared calibration line. Samples were
designated o be stable if the accuracy was between 85-115% {(LLOQ: 80-120%) and the
precision £15% (LLOQ: £20%).

{60064] Method application

{00065] To examine the application of the developed method, psilocin and 4-HIAA
concenirations were guaniified in plasma samples of three healthy volunieers receiving a
single oral dose of 25 mg psilocybin. This is a moderate to high dose currently used in clinical
phase 2-3 studies. The study was approved by the Ethical Committee of Northwestern and
Central Switzerland (EKNZ, BASEC ID: 2019-00223), registered at ClinicalTrials.gov (iD:
NCT03912874), and conducted in accordance with the Dedclaration of Helsinki and
International Conference on Harmonization Guidelines in Good Clinical Practice. Al volunteers
provided wriiten informed consent prior {o study participation.

{00068] To establish concentration time profiles, blood samples were collected in lithium
heparin coated tubes at the following time points: 2 hours before and 0, 15, 30, 45, 60, 90,
120, 150, 180, 240, 300, 360, and 420 minuies after treatment. Blood samples were
centrifuged for 10 minutes at 3000 rpmn to oblain plasma, which was transferred into cryolubes.
All sampies were stored -80 "C until analysis.

{00067] Study, calibration, and QC samples were processed as described before. in
addition, the total amount of giucuronide conjugated psilocin and 4-HIAA was determined
similar to the protocol of Kamata et al. (2006). In brief, 5 wl of Escherichia coli degiucuronidase
(3000 units/ml in water}) was mixed with 50 pyl plasma sample. An aliquot of 100 i acetic acid
buffer (0.1 M) was added 1o the mixiure. The samples were incubated for 3 howrs at 37°Cin a

thermomixer (Eppendorf, Hamburg, Germany). Enzymalic reaction was terminated, and
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samples extracted by the addition of 150 pi methanol. The samples were vortex mixed and
centrifuged as outlined above.

{00088] For each analytical run, a calibration line was analysed at the beginning and at
the end of the measurements. In between, the study samples of the three volunieers were
measured as well as triplicates of LLOQ, QCiow, QCwmip, and QCucen samples. Samples with a
concentration below the LLOQ were marked as blg (below limit of guantification) and samples
with concentrations above the ULOQ were diluled with blank plasma into the calibration range.
{00069] The concentration-time profile was plotted and the maximal plasma concentration
(Crmax} and time to reach it (Tmax) were obtained graphically from the plots. Pharmacokinetic
parameters were calculated using non-compartmental methods in Phoenix WinNoniin 8.3
{Certara, New Jersey, USA). The area under the plasma concentration time profile was

calculated by using the linear irapezoidal rule from 0-420 min (AUCLast). The elimination half-

_oHaw

life (t12) was calculated by the eguation Frje =73 , where the elimination rate constant {A) was
the slope of log(C(1)) versus t determined in the terminal elimination phase.

{00070] Resuits of the method validation and application

f00071] An LC-MS/MS method was developed and fully validated with a simple and fast
sample analysis workflow.

[00072] First, the ionisation and fragmentation parameters of psilocin, psilocin-die, 4-
HIAA, 4-HTP, and tryplophan-ds were optimized by infusing the analytes into the mass

spectrometer (TABLE 1)

Positive and negative polarity ionisation were tested for 4-HIAA
considering that it possesses an amine and carboxylic acid functional group, whereas psilocin
and 4-HTP were tuned only in the positive mode. A screening of the most abundant fragments
was performed to allow quantification by multiple reaction monitoring (MRM). Psilocin (205.2
m/z) broke down most abundantly to the fragments 58.1 and 160.0 m/z, while psilocin-dig

fragmented into 66.0 and 164.0 m/z reiaining eight and four deuterium atoms, respeciively.
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Hence, fragment 58.1 m/z consists of the trimethylamine and 164 m/z of the 2-(Indol-3-y)-ethyl
constituent of psilocin. importantly, both fragments were also reported and used as gquantifier
ions by others (Bjdrnstad et al., 2009; del Mar Ramirez Fernandez et al., 2007; Kamata et al.,
2003; Kamata et al., 2006; Martin et al., 2012). 4-HIAA and 4-HTP were not yet detected by
tandem mass spectrometry. Fragment 146 m/z and 130.8 m/z were most abundant for 4-HIAA
in the positive and negative mode, respectively. 4-HTP fragmented predominantly intc 160.1
m/z as observed for psilocin supporting that this fragment corresponds to the protonated 2-
(Indol-3-vh}-ethyl moiety of psilocin. The validation was initially launched by ionising all anaiytes
positively 1o avoid polarity switching. However, the empioyed mass fransition of 4-HIAA
{192.1->146 m/z) resulted in pronounced interferences with endogenous plasma components,
which were difficult to separate from the analyte signal. In the negative mode, however, the
baseline noise was negligible for 4-HIAA compared to positive mode (FIGURE 3). In FIGURE
3, a chromatogram of a plasma sample containing either 25 ng/m! (positive mode) or 2.5 ng/mi
{(negative mode) 4-HIAA was overlaid with a blank piasma chromatogram. In the positive
ionisation mode, 4-HIAA was detected by the mass iransition 192.1—148.0m/z. A pronounced
background noise of 2500 counts per seconds {(cps) was observed in blank plasma samples,
which interfered with the 4-HIAA signal. The mass transition 188.8—130.9 m/z was employed
for 4-HIAA in the negative mode, resulting in a negligible background noise of <100 ¢ps in
blank plasma. Thus, polarily switching was unavoidable and tryptophan-ds had to be
incorporated into the method as IS of 4-HIAA.

{00073] Next, the chromatography of the analyies was optimized in order to concentrate
and separate them on the analytical column. A large variety of columns were screened
showing that pentafluoropheny!l (PFP) and biphenyl phases were able 10 retain the relatively
polar and aromatic analytes. In addition, Cis columns such as Symmetry Cis column, which
feature an alkyl ligand density that allows the analyte to interaction with polar siloxane and

silanol surface functionalities, produced good analyte retention and symmeiric peak shapes.
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Methano! and acetonitrile resulted in similar analyte peak intensities, whereas the acetonitrile
sluted the analytes faster. Several MS compatible modifiers (formic and acetic acid, or
ammonium formate, acetate and fluoride) were investigated. The addition of ammonium
fluoride 1o both mobile phases enlarged the linear range of the method for biphenyl phase
columns. However, the additive reduced also the durability of some columns (e.g., Symmetry
C1s). 4-HIAA eluted considerably later than psilocin, though at the same time with 4-HTP
meking polarity switching difficull. Lastly, 4-HTP was not included in the method, because it
was not detectable at a limit of detection of 2.5 ng/m! in plasma of volunteers who received 25
mg psilocybin.

{00074] Finally, different plasma protein precipitation solvents were investigated for a
simple sample exiraction. Msethanol, acetoniirile, and ethanol yielded comparable signal
intensities. However, the peak shape of the analytes was poor because the injected sample
consisted of mainly organic solvent. Evaporating the extracts and resuspending the residuals
in mobile phase A sclved the problem. in addition, protein precipitation with perchioric acid (1
M) was evaluated because it couid be expected that the hydrophilic analyles are efficiently
exiracted and refained on the analytical column by the aqueous solvent. Indeed, the exiraction
with perchioric acid was promising, however the supernatant of the extract had still o be
tfransferred into another tube 1o neulralize the pH to prevent the column from damage.

{00075] Finally, plasma samples were extracted with methanoi, plasma proteins were
centrifuged to the bottom of the tubes, and an aliquot of the supernatant was injected into the
LG-MS/MS system. Sharp and symmetric peaks were obtained by extensively mixing the
injected sample with water within & T-union, which was instalied in front of the analytical
column. This semi-automated workflow allowed to extract and analyse the plasma samples in
single tubes or 96 well plate format and facilitates the analysis of large amounts of samples.
{00078] Method validation

[00077] Method Linearity, Accuracy, and Precision
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[00078] Three validation runs were performed including four QC levels (LLOG, QCiow,
QCwmip, and QCuian) with seven replicates and two calibration lines per run. In total, 54
calibration and 84 QC samples were analysed per analyie.

{00079] The method was linear over a range of 0.25 to 100 ng/mi for psitocin and 2.5 to
1060 ng/mi for 4-HIAA with a correlation coefficient of >0.998. All 4-HIAA calibrators passed
the inclusion criteria, whereas only one psilocin calibrator exhibited an accuracy bias of more
than 15%. The calibration range chosen for both analyles was suitable to quantify clinical
samples. It encompassed concentrations that were approximately five times above the
expected maximal plasma concentrations, but also low concentration samples observed during

early drug absorption and in [ate slimination phase (Brown et al., 2017; Hasler et al., 1997;
Lindenblatt et al., 1898).
{00080} The intra-assay precision of psilocin was £9.1% and of 4-HIAA £6.5%, while the
inter-assay precision was £8.7% (TABLE 2). Furthermore, the mean intra-assay accuracy
observed for psilocin was between 96.3-109% and for 4-HIAA betwsen 97.5-109%, whereas
the inter-assay accuracy bias was £9.0%. None of the psilocin QC samples were outside 85—

115% accuracy (LLOQ: 80-120%) and only two out of 84 QC samples did not pass the

accepiance criteria in case of 4-HIAA

TABLE 2. The intra- and interday accuracy and precision calculated for psilocin and 4-HIAA in human piasma.

Anaie Dromingt GOREYY  AcoeeyiCyR G F2 R RQVIED  ODASERY A GY ¥ ATANRY A TY )
Sl 377 : Wiz SE §1287
5% aER HERERS L& 235 nEH 6.5 H9EEEE
Hhii pidt B 158 Hb R (8 R AET 187 HWF2ds
838 §HE ¥ ER iy b SR $8 B3R 552 1EEEE
FHiAS 38 28 PN 2237 Wxdd 334 R243
S &% SEY Widy 16 BN Y S iy
68 18 7 FER S W Wexd7 188 EEERES
e 38 SR A5 XA SN §§F FEIE s BN
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{00081} Overall, the analytical method was reliable to analyse both analytes in human
plasma samples.

[00082] Selectivilty and sensitivily

{00083] The selectivity and sensitivity of psilocin and 4-HIAA were assessed by
comparing the LLOQ signal intensity of seven different batches of plasma io the respective
baseline signal in blank and double blank samples. As shown in FIGURES 4A-4D0,
endogenous plasma components did not interfere with detection of psilocin and 4-HIAA. in
FIGURES 4A-4D, seven double blank, blank and lower limit of quantification (LLOQ) samples
{psilocin: 0.25 ng/mi, 4-HIAA: 2.5 ng/ml) were prepared using different baiches of plasma. The
LLOG chromatograms (black lines) were overlaid with double blank (left) and biank (right)
chromatograms (grey lines). FIGURES 4A and 4B correspond to psifocin while FIGURES 4C
and 4D relate to 4-HIAA. The background noise determined in double blank samples did not
interfere with the detection of psilocin or 4-HIAA as it accounted only for s4.1% and $5.5%,
respectively of the observed LLOQ peak area. In addition, the internal standards, psilocin-dig
and iryptophan-ds, did not affect the selectivity of the analysis regarding the baseline noise
recorded for blank samples. More precisely, psilocin and 4-HIAA background noise accounted
for =4.1% and <5.5% of the LLOQ peak area, respectively (FIGURES 5A and 58).
{00084] Blank plasma samples of seven different donors were spiked at the LLOQ level
tc evaluate if the analytes can be reliably quantified ivespective of the employed plasma
source. A mean accuracy of 102% (95.3 10 110%) and 84.7% (82.6 to 87.1%) was determined
for psilocin and 4-HIAA, respectively. None of the LLOQ samples were outside 80-120%
accuracy and the precision was £4.9% for all seven batches of plasma.

{00085] These findings show that the method is selective for the guantification of psilocin
and 4-HIAA in human plasma and that the plasma matrix does not affect the sensitivity of the
analysis.

{00085] Recovery and Matrbt effect
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{00087] The recovery and matrix effect of psilocin and 4-HIAA were examined after
deproteinization of seven different plasma batches including four QC concentration levels:

TABLE 3. The recovery and matrix effect of psilocin and 4-HIAA determined in human plasma.

Analyte Crominal RRE + CV (%) Mean £ ME = CV (%) Mean + CV
(ng/mi) CV (%) (%6}
Psifocin 0.25 94159 965 £ 2.2 129+7.8 114 £ 13
0.5 95945 96274
i0 89.2+54 106 +58
50 966 +7.2 122+5.9
4-HIAA 2.5 89.5+8.2 94.7 £ 4.1 788+ 3.0 60578
5.0 95.0+99 62.7 £ 8.3
100 98.9+93 87.3+6.1
500 853+ 10 69.8+6.8

Grominal, theoretical concentration; RRE, relative recovery; ME, matrix effect; CV%, Coefficent of variance; 4-
HIAA, 4-hydroxy-indole-3-acetic acid.

{000388] The protein precipitation exiraction was almost complete vielding a mean
recovery of 96.5% for psilocin and 94.7% for 4-HIAA. Importantly, the bias between differemt
plasma batches was smaller than 10.1% and consistent over all QC levels (CV%: £4.1%}.
[00088] The psilocin signal in plasma exiracts was on average 14% larger than in pure
waler. The signal intensity was even smaller when psilocin was solved in a water methanol
mixture (1:4 v/v), mainly because the peaks were generally wider with an obvious peak
fronting. Thus, the plasma matrix rather improved the binding of psilocin on the analytical
column than increasing the ionisation efficiency in the mass spectrometer. In contrast, the 4-
HIAA signal was suppressed by the plasma malirix by approximately 30%. Intereslingly, the
methanol content in the matrix-free sample did not affect the 4-HIAA peak shape. The seven
plasma balches resulted in very similar matrix effect (CV%: £7.8%), which were independent
from the utilized analyte concentration (CV%: <13%).

{00090] In summary, the employed exiraction method recovered almost all psilocin and 4-
HIAA from plasma and resulted in consistent and negligible matrix effecis.

{00091} Stability

[00092] The stability of psilocin and 4-HIAA were examined after three freeze and thaw
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cycles as well as after 8 hours storage at room temperature and one month at -20 *C (FIGURE
8.

{00083] Three repetitive freeze and thaw cycles did not decrease the stability of the
analytes, because the accuracy of the QC samples was between 105-108% (CV%: <8.2%) for
psilocin and between 100-109% (CV%: £5.4%) for 4-HIAA. Moreover, plasma samples that
were stored for eight hours at room femperature or for one month at -20°C contained similar
amounts of psilocin and 4-HIAA in comparison to fresh samples {accuracy: 94.8-110%, CV%:
<7.1%).

{00094] These resulls indicale that psilocin and 4-HIAA are stable under various
conditions encountered in a laboraiory, in support of pravious studies evaluating the short term
and freeze/thaw stability of psilocin (Martin et al., 2012).

{00085] Clinical application

[00098] The application of the method was assessed by analysing the PK of psilocin and
4-HIAA in three healthy volunteers treated with an oral dose of 25 mg psilocybin {(FIGURES
7A-78 and TABLE 4). An oral dose of 25 mg psilocybin was administered to three healthy
volunteers. Plasma concentrations of psilocin and 4-HIAA were guantified before and up fo
seven hours post-treatment. All samples were reanalysed aiter deglucuronidation with
Escherichia coli glucuronidase. FIGURE 7A shows the concentration-time profile of psilocin,
while FIGURE 7B depicts the profile of 4-HIAA. White symbols correspond 1o unconjugated
psilocin and 4-HIAA. The total amount of the conjugated and unconjugated metabolites is
ilustrated in black. The grey symbols show the difference between samples that were
incubated with and without glucuronidase corresponding to the total amount of conjugated
metabolites. A large proportion of psilocin underwent glucuronidation, whereas 4-HiAA was not

conjugated. Mean values and the standard error of the mean are illustrated.
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Table 4. The pharmacokinetic parameters of psilocin, psilocin-glucuronide, and 4-HIAA found
in plasma from three healthy volunteers reated with an oral dose of 25 mg psilocybin.

Crmax + 5D
Analyie {min} T £ 8D (min)  AUGks: (ng=min=mi) tyz {min)
Psilocin 18.2+4.0 140 + 46 3670 + 780 127 + 18
PSHGCEH—Q?UCUTOB’!MG 783 +79 220 + 92 20631 + 552 215+ 72
4-HIAA 137 £22 120 + 60 22330 + 692 139 + 63

4-HIAA, 4-hydroxy-indole-3-acetic acid; Cmar, maximal plasma concentration; Tmax, lime 0 reach maximal
plasma concentration;
AUCus, area under the plasma concentration time curve until 7h post freatment; b2, drug half life.

{00087] The maximal plasma level of psilocin and 4-HIAA was on average 18.2 ng/mi
(SD: 4.0 ng/mi) and 137.3 ng/mi (8D: 22.0 ng/mi}, respectively. Psilocin and 4-HIAA reached
Tmax approximately aiter 120-140 minutes posi-treatment. The tiz of psilocin and 4-HIAA were
estimatsd to be 127 minutes (SD: 18 minutes) and 139 minutes (SD: 63 minutes), respeciively.
QOverall, the amount of 4-HIAA as depicted by the AUCLast was about 5 times larger than that
of psilocin, which is in line with observations made by (Hasler et al., 1997).

{00088] in conirast to 4-HIAA, psilocin underwent extensive O-glucuronidation. The
psilocin-glucuronide reached on average a Cmax of 78.3 ng/mi (SD: 7.9 ng/ml) after roughiy 220
minutes. The caloulated AUGCLast of psilocin-glucuronide was 20631 ng-min'ml? (SD: 552
ng-min'mi™) and thus 5-6 fold higher compared to the AUCwLast of psilocin. This result agrees
with previocus studies, which reported thal the majority of psilocin is conjugated by
glucuronidation (Grieshaber et al., 2001, Kamata et al., 2006; Sticht & Kaferstein, 2000).
{00099] Importantly, the accuracy of the QC samples was between 23.6-113% and the
precision =8.1% showing that the analytical run passed the acceptance criteria. Moreover,
psilocin and 4-HIAA could always be guantified within the sampling period, as the observed
concentrations were between 0.36 o 94.1 ng/ml for psilocin and 7.2 10 156.7 ng/ml for 4-HIAA

The herein presented method is therefore suitable for quantification of the clinical samples.
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[000100] Conclusion

{00010} Compared io other bicanalytical methods that measure psilocybin in human
plasma, the currently invented method required only small amounts of sample and featured a
straightforward extraction procedure, which facilitated an efficient analysis. The extraction
protoco! resulted in an almost complete analyte recovery. Consistent matrix effects were
cbserved among varicus plasma baiches, moreover the matrix did not interfere with the
analysis of psilocin or 4-HIAA. The quantification of both analytes was accurate and precise
within the chosen calibration range and compatible with observed levels in humans dosed with
psilocybin. Overall, the current bicanalytical method is an important tool to further progress the
deveiopment of psilocybin as a therapeutic agent.

{000102] Throughout this application, various publications, including United States patents,
are referenced by author and yvear and patents by number. Full citations for the publications
are listed below. The disclosures of these publications and patents in their entireties are
hereby incorporated by reference into this application in order to more fully describe the siate
of the art 1o which this invention pertains.

[000103] The invention has been described in an illustrative manner, and it is o be
understood that the terminology, which has been used is intended {o be in the nature of words
of description rather than of limitation.

000104} Obviously, many modifications and variations of the present invention are
possible in light of the above teachings. 1t is, therefore, 1o be undersiood that within the scope
of the appended claims, the invention can be praciiced otherwise than as specifically

described.
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CLAIMS

What is claimed is:

1. A method of measuring and identifying metabolites of a tryptamine compound, including
the steps of:

obtaining a sample from an individual; and

measuring and identifying metabolites of the tryptamine compound in the sample by

performing a LC-MS/MS analysis.

2. The method of claim 1, wherein the sample is chosen from the group consisting of

plasma, blood, urine, and saliva.

3. The method of claim 1, wherein the tryptamine compound is chosen from the group
consisting of psilocybin, psilocybin prodrugs, psilocybin analogs, dimethyltryptamine (DMT),

DMT analogs, and DMT prodrugs.

4. The method of claim 1, wherein the tryptamine compound is psilocybin and wherein the

metabolite is chosen from the group consisting of psilocin, 4-hydroxyindole-3-acetic acid (4-

HIAA), psilocin-O-glucuronide, 4-hydroxytryptophol (4-HTP), and combinations thereof.

5. The method of claim 1, further including the step of determining that an individual has

taken a tryptamine compound.

6. The method of claim 1, further including the step of determining if the tryptamine

compound is metabolized effectively by the individual.
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7. The method of claim 1, wherein the tryptamine compound is psilocybin and further

including the step of analysing a ratio of psilocin to metabolites.

8. The method of claim 1, wherein said performing a LC-MS/MS analysis further includes
the steps of separating analytes using a modular ultra-high performance liquid chromatography
system, performing electrospray ionisation, and detecting analytes by multiple reaction

monitoring.

9. The method of claim 1, wherein said sample is obtained at a time chosen from the
group consisting of 0, 15, 30, 45, 60, 90, 120, 150, 180, 240, 300, 360, and 420 minutes after

treatment of the individual with the tryptamine compound.

10. A method of adjusting dosing in patients with tryptamine compound-assisted
psychotherapy in therapeutic drug monitoring (TDM), including the steps of:

obtaining a sample from an individual,

measuring and identifying metabolites of the tryptamine compounds in the sample by
performing a LC-MS/MS analysis; and

adjusting a dose of the tryptamine compounds based on the measured metabolites.

11.  The method of claim 10, wherein the sample is chosen from the group consisting of

plasma, blood, urine, and saliva.

12. The method of claim 10, wherein the tryptamine compound is chosen from the group

consisting of psilocybin, psilocybin prodrugs, psilocybin analogs, dimethyltryptamine (DMT),

DMT analogs, and DMT prodrugs.
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13.  The method of claim 10, wherein the tryptamine compound is psilocybin and wherein
the metabolite is chosen from the group consisting of psilocin, 4-hydroxyindole-3-acetic acid

(4-HIAA), psilocin-O-glucuronide, 4-hydroxytryptophol (4-HTP), and combinations thereof.

14.  The method of claim 10, further including the step of determining if the tryptamine

compound is metabolized effectively by the individual.

15. The method of claim 14, wherein the tryptamine compound is psilocybin and further

including the step of analysing a ratio of psilocin to metabolites.

16.  The method of claim 10, wherein said performing a LC-MS/MS analysis further includes
the steps of separating analytes using a modular ultra-high performance liquid chromatography
system, performing electrospray ionisation, and detecting analytes by multiple reaction

monitoring.

17.  The method of claim 10, wherein said sample is obtained at a time chosen from the

group consisting of 0, 15, 30, 45, 60, 90, 120, 150, 180, 240, 300, 360, and 420 minutes after

treatment of the individual with the tryptamine compound.
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