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Substanzanalyse methodische Herangehensweise

Herausforderungen

« Sehr grolRe und trotzdem zunehmende Anzahl
verschiedener neuer psychoaktiver Substanzen (NPS)
auf dem Markt

« Hohe Komplexitat der Proben (Vielstoffgemische)
« Hohe Variabilitat der enthaltenen Dosis
« Auftreten hochpotenter Substanzen

« Verfligbarkeit von Referenzmaterial begrenzt
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Neue Psychoaktive Substanzen — Aktuelle Situation
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Neue Psychoaktive Substanzen — Aktuelle Situation
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Neue Psychoaktive Substanzen — checkit! Wien

= Beinhalten NPS unerwartet = Beinhalten NPS erwartet ==t=Anzah| unterschiedlicher NPS pro Jahr
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Neue Synthetische Opioide

Nitazene / Fentanyle

Relative potency to heroin
Heroin 1
Fentanyl 50
14 Metonitazene 50
Protonitazene 100
12 Isotonitazene 250
Etonitazene 500
10 Table: The relative potency of fentanyl and selected nitazenes in
comparison to heroin>?

Quelle: Holland et al. (2024)
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Substanzen nach Abgabebezeichnung
checkit! 2025
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Methoden zur Substanzanalyse (AKH Wien)

UHPLC-DAD UHPLC-ITMS MALDI-HRMS/MS

a-

Source: checkit! Suchthilfe Wien gGmbHc
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Direkte Massenspektrometrie

R. W. Kondrat and R. G. Cooks

Department of Chemistry
Purdue University
West Lafayette, Ind. 47907

o4

ChEeCkdt!

Instrumentation

Direct Analysis
of Mixtures by
Mass Spectrometry

Monochromator

LITE

—

Fluorescence Spactroscopy:
all he hey &l hy'
il Monochromator [=—=i=l Sample |"——_

(Cuvette)

MIKES:

all M+ M Reaction all m*
@ Monochromator [s=——_ Chamber —
QorB (Collision Chamber)

Analyzer ———

EBorQ

.

Scheme 1. Protocol for mixture analysis by MIKES as compared with similar steps involved in fluorescence spectroscopy

0003-2700/78/0350-081A%01.00/0

© 1977 American Chemical Society
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Direkte Massenspektrometrie CAICh ECKIt!

MALDI (Matrix Assisted Laser Desorption lonization)

Foto: checkit! Suchthilfe Wien gGmbH
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MALDI-MS" — Prinzip

lon Source: lon Trap MS:
I Probenmatrix @e
/ lon Trap
5 T
<
= B g o o & MDTekijlion:n
07 @ o ® Iomzatlon e . € i .

Desorption

Bild Quelle: Mikayé - Eigenes Werk, CC BY-SA 3.0,
https://commons.wikimedia.org/w/index.php?curid=25204006
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Direkte Massenspektrometrie CAICh ECKIt!

MALDI (Matrix Assisted Laser Desorption lonization)

Direct MS: MALDI-IT-MS"

S
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MALDI-Orbitrap - Probenvorbereitung

Drug sample

Dhssolve in
methanol

Mix sample with
MALDI matrix

MALDI spotting

MS analysis

2 min

h 3

1 min

ki -
Full HRUAM mass | 1 MIN [ oo RiAM

Spectim - MEASS Spectmm

In silico
compound analysis

Database search

Compound
identification

Fig. 1. Drug workup procedure and the following in siico compousnd analysis. MS, mass

specrometry: MALDN, mari.assisted Liser desarpeionysoniztian; HRAM, high resolution Source: Ostermann, Luf, Lutsch et. al, Clinica Chimica Acta, 2014

OO Thass
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MALDI-IT-MS" - Probenvorbereitung

Direct MS: MALDI-IT-MS"

Source: checkit! Suchthilfe Wien gGmbHc
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Probenvorbereitung - Automatisierung

Source: checkit! Suchthilfe Wien gGmbHc

UHPLC dilution & injection cycle with automated MALDI spotting
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MALDI-Orbitrap — Beispielprobe

“Cocaine” sample

MH+=180.1019 MH+=237.15975
Appm= 1.9 Appm={.3
S/N=0960 S/N=2143 ML 15433 MH+=200. 13868
Phenacetine Procaine Appm=2.1 Appm=0.7
180.10224 237.15969 S/N=42919 SN=l3ss
S 2500000 Cocaine Benzoylecgonine
2 R0000D 2, 2000000 20013887
MH+=105.08765 £ ! 2 304.15370
50000000 4 Appm=0.1 £ 600000 é 1 SRR 1 SO00000
5/MN=31212 5 400000 E 1000000 _f;‘mmm
450000004 Caffeine 200000 SO0000- g
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35000000 - m/z vz ¥ NN E—
. MH+=205.07939 290.0 200.1 2002
2 30000000 - . m/z
B S
< 25000000 1 ST, MH+=235. 18048 MH+=330.16008
E 00000001 Levamisole Appm=0.7 Appm=0.7
205.07922 S/N=6010 S/N=339
10000000 N—— cinnamoylcocaine
330. 16974
SO00000 -
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m/z

Source: Ostermann, Luf, Lutsch et. al, Clinica Chimica Acta, 2014
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MALDI-Orbitrap 2025
Proof of Concept: Screening auf synthetische Opioide

Parent lon MALDI HRMS .
Screening

Methoxyacetylfentanyl 353.1936
« Tandem-MS (MS?)

Para-chlorofentanyl 371.1585
Ocfentanil 371.1822 * 311 Synthetische Opoide
Cyclopentylfentanyl * 12 Testsubstanzen in Mischung
Valerylfentanyl 365.2291

M52
Para- 369.2034 D
fluorobutyrylfentanyl ITMS + p MALDI Full ms2 343,13@<id30.00 [65.00-355.00]
Para-fluoro- 371.1829 [TMS + p MALDI Full ms2 353.22@¢id30.00 [70.00-365.00]
e e e ITMS + p MALDI Full ms2 365.26@¢id30.00 [70.00-320.00]
Brorphine 400.1384 ITMS + p MALDI Full ms2 369.23@¢id30.00 [75 00-330.00]

[TMS + p MALDI Full ms2 371.19@<id28.00 [75 00-335.00]
ITMS + p MALDI Full ms2 371.21@<id30.00 [75.00-335.00]
[TMS + p MALDI Full ms2 377.26@<id30.00 [75 00-390.00]
U-48800 343.1652 ITMS + p MALDI Full ms2 385.21@<id26.00 [80.00-410.00]
Fluonitazene 371.2216 [TMS + p MALDI Full ms2 400.00@<id28.00 [30.00-410.00]
ITMS + p MALDI Full ms2 425.25@<id26.00 [35 00-440.00]

Butonitazene 425.2933
Etonitazepyne 395.2437

u
o]
=
=
1]
N
(=]
=
w

%]

profiling of novel synthetic opioids on the MALDI-Orbitrap XL.
lon-Trap CID parameters and precursor mass selection for reliable fragmentation

Source: Masterarbeit, Simona Aigner, 2025 (modifiziert)

MEDIZINISCHE
UNIVERSITAT WIEN




Neue Synthetische Opioide

Nitazene / Fentanyle
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Relative potency to heroin

14 Heroin
Fentanyl
Metonitazene

10 Protonitazene
Isotonitazene

Etonitazene

1
50
50

100
250
500

Table: The relative potency of fentanyl and selected nitazenes in
4 comparison to heroin*?

N

@ Other opioids @ Fentanyl derivatives
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Nitazenes

2020 2021 2022 2023 2024

European Drug Report 2025, EUDA 2025

von Fentanyl-Analoga in
China (2019) & USA
(2018) moglicherweise
damit im Zusammenhang
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DESI (Desorption Electrospray lonisation)

HV power supply Atmospheric inlet of
Vv | mass spectrometer

N4 - \

lon transfer line

Nebulizer capillary

Spray Gas jet Desorbed 20
capillary ions

Surface
< Freely moving >

sample stage in air

Takats et al. 2004, Science, Mass Spectrometry Sampling Under Ambient Conditions with Desorption Electrospray lonization
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Paper Spray lonisation

B~

10 pL

Mass

Paper Spectrometer

Cartridge

4-5 kV

https://doi.org/10.21577/0103-5053.20200177

Journal of Mass Spectrometry, Volume: 54, Issue: 9,
Pages: 729-737, First published: 20 August 2019, DOI:
(10.1002/jms.4431)
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Paper Spray lonisation

High-Resolution Mass Spectrometry (Sample Characterization)

@

10 uL

Paper
Cartridge

4-5 kV

Mass
Spectrometer
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Journal of Mass Spectrometry, Volume: 54, Issue: 9, Pages: 729-737, First published: 20 August

2019, DOI: (10.1002/jms.4431)
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MTE-30 — Miniatur-lonenfalle

» 3-D-lonenfalle
» Gewicht: 17 Kg
» Collision gas: Wasserstoff

« Batteriebetrieben (optional)

* Fragmentierung bis MS?

DSAP-Quelle LSADP-Quelle

Source: checkit! Suchthilfe Wien gGmbHc
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MTE-30 — Miniatur-lonenfalle CAICSCRIt:
Synthetische Opioide: Testmischung

MS Index: 23 IT (sec): 0.077 R.Time: 0.6 TIC: 129787.60 Timestamp: 05/14/2025 18:13:26 Search Export
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Datenauswertung
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Datenauswertung

checkit! — Analyseergebnisse von Verdachtsproben

Ergebnisse der Analyse von Proben mit Verdacht auf
synthetische Cannabinoide
Janvar 2022 - Ende Dezember 2022
n=99

B 5CRA nachgewiesen
mHHC
kein SCRA enthalten

77%

Quelle: checkit!, Suchthilfe Wien gGmbH
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abgegeben als Anzahl

Damiana
Cannabis

davon mit
SCRA/HHC

[Haschisen

THC-Extrakt

THC-Edible

THC-Liquid

CBD

HHC
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Datenauswertung??

para-fluoro-Methoxyacetylfentanyl_1 #1 RT: 0.06 AV: 1 NL: 4.T4E7
T. FTMS = p MALDI Full ms [90.00-600.00]

371.1829
100
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Datenauswertung - Automatisierung

Welcome to mzmine X Tasks X

zmine|
Quick Start =
Click-*

Easy workflow setup

zwizard
{S 0O ® Q <« ¥

Schmid, R., Heuckeroth, S., Korf, A. et al. Integrative analysis of multimodal mass spectrometry data in MZmine 3. Nat Biotechnol 41,

447-449 (2023). https://doi.org/10.1038/s41587-023-01690-2
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Datenauswertung - Automatisierung

= A122
Preferred Annotat
* m/z *RT Area Height Comment Shapes
Preferred Annotation ¥ AQS Formula
3
@ 30E7
= 2087 o
3152801 682  14E6 2.9E7 g 1087 CBD (0.855) Bk C21H3002
E OB e R 670 R0 600 7h0 7a0 720
Retention time / min E -
5 —
© 1087
£ 5088 beta.'-Hyd thiofentanyl
3592512 596 67ES  10E7 2" e y%( orentany’ BB = caom26N2025
= 0.0E0 +60 V(0.77%2)
= 5.80 5.00 .00 810 620
Retention time / min = E
5 —
©
T SUE6 N
= I*"6a(10a)-Tetrahydrocann E e
329.2447 685 3.1E5 6.0E6 2 - C21H3002
£ oo abinol +60 V (0.712)
= .60 6.80 7.00 7.20 7.40
Retention time / min = E
5 —
@ 1.0E7
:23 5.0E6 FI | fentanyl
3412618 551 305 936 2 para ”Or%“’ cieml BB = corHesEn20
= 0.0E0 +30V {06
= 5.45 5.50 5.55 5.60 565
Retention time / min '_* -
5 —
©
< 106 "
@ 5.0E5 Cannabidiolic Acid Methyl E &
359.2436 552 39E4 1.2E6 2 - C23H3204
£ uoe0 Ester +60 V (0.660)
= 5.45 5.50 5.55 5.60 5.65

Retention time / min = e

Methodenentwicklung und aktuelle Spektrendatenbanken notwendig

Source: checkit! Suchthilfe Wien gGmbHc
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Direkte Massenspektrometrie - Fazit
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Direkte Massenspektrometrische Methoden (DESI, MALDI, DART, PSI etc.)

Potentiale:

MEDIZINISCHE
UNIVERSITAT WIEN

Einfache Anwendung -
Hoher Probendurchsatz

Eignung fiir schnelle -
Screeningverfahren
(MRM/SRM Methoden)

Minimale -
Probenvorbereitung

“Sanfte lonisation” -

Hohe Sensitivitat -

Limitierungen:

Keine chromatographische
Trennung
(Vielstoffgemische)

Selektivitat:
Positionsisomere, Isobare
etc. oft nicht differenzierbar

Matrixeffekte und ion-
suppression

Quantifizierung storanfallig

Hoher technischer Aufwand

- Kombination komplementarer Analyseverfahren notwendig!
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