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Introduction

NPS in Europe...

Number and categories of new psychoactive substances notified
to the EU Early Warning System for the first time, 2005-16

101

Number of seizure cases . — » >
Cathinones Cannabinoids Benzodiazepines

20000 33% 29 % 11%

80 000
70 000
60 000
50 000
40000
30 000
20 000

10 000

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

M Other substances B Synthetic cannabinoids
M Opioids M Cathinones
Benzodiazepines B Phenethylamines

Arylcyclohexylamines

European Drug Report, 2017, EMCDDA &




Introduction

Acute recreational drug and new psychoactive substance toxicity
in Europe: 12 months data collection from the European Drug
Emergencies Network (Euro-DEN)
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e Reports of serious agitation, psychosis, coma
e Authors report limitations: what is missed?

Dines et al., Clinical Toxicology, 2015 w



Introduction

NPS are a real challenge for forensic toxicology:

1) Amount of compounds (> 620 monitored in EU and still counting)

2) Unknown metabolic fate of these compounds (Phase-I and Phase-Il): which
biomarkers to target (parent compound or metabolites)?
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Introduction

Studying the metabolic fate is highly relevant to identify target biomarkers.
Several strategies possible:

1) Invivo an

+: closest to reality, complete biological system
-: ethical and safety issues, expensive




Introduction

Several strategies possible:

2) In vitro

- Liver slices, isolated perfused liver (complex)
- Primary hepatocytes

- Liver cell lines

- Human liver S9 fraction

- Human liver subcellular fractions (microsomes, cytosol)

+: easier to control, less expensive
-: representative for in vivo biotransformation?
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Aims & Objectives

To optimise a straightfoward in vitro set-up to
elucidate the metabolic pathway of NPS and to
identify biomarkers:

- Based on incubations with human subcellular fractions

- Analysis of resulting extracts with liquid chromatography coupled to
high resolution mass spectrometry

- Elucidation of metabolites through combination of suspect and non-
target data analysis workflows
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In vitro incubations experimental setup: straightforward

37°C
shaking bath

Parent * + TRIS buffer
+ HLM
compou nd + NADPH (= cofactor)
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n=3 Phase |
incubation
i 3h 3h 3h (CYPs)
LC-QTOF-MS/MS
LC-QTOF-MS/MS -
+ HLM
+ alamethicin + HLCYT
+ UDPGA + PAPs
Phase Il
n=3 n=3 incubation

(conjugation)

Positive control: phenacetin, 4-nitrophenol

Negative controls: substrate, HLM/HLCYT, cofactor 3h ' 3h

Sulfation

Glucuronidation
|

LC-QTOF-MS/MS

HLM = human liver microsomes
HLCYT = human liver cytosol

CYP= cytochrome P450 enzyme system
NADPH = Nicotinamide adenine dinucleotide phosphate
UDPGA = 2,5-uridinediphosphate glucuronic acid
PAPS = adenosine-3-phosphate 5-phosphosulfate




Sample preparation:

e Quenching of the metabolism: + 250 puL ice-cold acetonitrile + 1% formic acid
e Addition of theophylline as ‘internal standard’
e Centrifugation 5 min at 8000 rpm

e Evaporation and reconstitution in 200 pL of a 10/90 (v/v) ACN/Milli-Q water

solution




LC-ESI-QTOF-MS
e Agilent 1290 UPLC coupled to Agilent 6530 QTOF

e LC Column: Kinetex C8 (2.1 x 150 mm, 1.7 um)
e Mobile phase A: MilliQ + 0.04 % FA
e Mobile phase B: 80/20 ACN/Milli-Q + 0.04 % FA

e Run time: 30 minutes (give time to separate!)
e ESI+/-

e Data-dependent acquisition

Collision energies: 10/20/40 V



Data analysis:
1. Most time-consuming step, but extremely important!
2. Combination of suspect and non-target workflows (complementary)

3. ldentification of metabolites: different confidence levels

Identification confidence Minimum data requirements

Level 1: Confirmed structure MS. MS2 RT. Ref std
by reference standard ’ + Rl ReferenceStd.

Level 2: Probable structure
a) by library spectrum match MS, MS2, Library MS?
b) by diagnostic evidence MS, MS?, Exp.data

Level 3: Tentative candidate(s)
structure, substituent, class

MS, MS?, Exp.data

Level 4: Unequivocal molecular formula  MS isotope/adduct

Level 5: Exact mass of interest MS

Schymanski et al., Environ. Sci. Technol., 2014 G



Suspect screening

* |n silico prediction of
metabolites with Nexus
Meteor (Lhasa Limited) and
literature

* Find by Formula algorithm
(Agilent MassHunter)

A m/z<+10 ppm

#Present in 2 out of 3
replicates

#Not present in negative
controls

#Double bond equivalent
(DBE) match

»Matching isotope pattern

Suspect workflow
strategy
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EXAMPLE 1: CLONIPRAZEPAM




Cloniprazepam = Designer benzodiazepine
e Derived from clonazepam (Rivotril®)

Clonazepam Cloniprazepam

O§N+ - %D

e Sedative, anti-convulsant, muscle relaxant and anxiolytic properties

e Self-medication: alternative to prescription benzodiazepines
e Combination with other drugs

No clinical information available:
e Pharmacokinetics?
e Metabolism?

e Detection in blood, urine?
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Clonazepam
m/z = 316.0483 ([M+H]")

e Most prominent metabolite

e Confirmed with MS/MS and analytical reference standard

Ratio response vs. Time
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e RT11.2 min: Loss of HZO - Ramanathan et al (Anal Chem, 2000, 72: 1352-1359): “MS/MS data showed loss of water with
aliphatic hydroxylation, which was not favoured when the hydroxylation was phenolic”

e RT 10.6 and 10.9 min: No loss of H,O present
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m/z = 384.0746 ([M+H]*)

* Not predicted by in silico prediction
e |dentified by non-target workflow
e Confirmed by MS/MS and double bond equivalents
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EXAMPLE 2: 5CI-THJ-018




5-CI-THJ-018 = Synthetic cannabinoid (5-chloropentyl JWH 018 indazole analog)

o N chl
£

e Cannabinoid receptor agonist: cannabis-like effects

 The physiological and toxicological properties of this compound have not been
determined

e Extensive biotransformation can be expected!

* Possibility to compare the in vitro results with in vivo case: authentic urine
sample from user (who actually thought he used methiopropamine)
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Overview screening workflows
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Complementarity of the workflows!!!!




Conclusions

Conclusions

* |nvestigation of NPS metabolic fate is necessary to select target biomarkers

e Easy and straightforward set-up with subcellular fractions, but limitations need to be taken
into account:

e Only selected enzymes present (e.g. NAT,...)
e No complete biological system
e Qualitative, not quantitative

e Importance of (i) sound data acquisition and (ii) complementary data analysis workflows




University of Antwerp

Thank you for your attention! Questions?
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