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DEAR COLLEAGUES AND FRIENDS

On behalf of the Organizing Committee, it is our
great pleasure to welcome you to the TIAFT 2024
Conference in the beautiful city of St.Gallen,
Switzerland. This year, we gather once again as a
global community of experts in forensic toxicolo-
gy to share our latest research, innovations, and
developments in the field.

St.Gallen, renowned for its stunning landscapes and
rich cultural heritage, provides a perfect backdrop
for this conference. It is a city that embodies the
blend of tradition and innovation, much like TIAFT
itself. We hope you will take the opportunity to
explore its charming streets, historical landmarks,
and enjoy the warm hospitality of its people.

We have put in all our efforts to ensure that

the TIAFT 2024 conference will be an engaging and
intellectually stimulating event. Our program
includes a diverse range of presentations and ven-
dor workshops, but we will also encourage social
exchange. For the regular attendees of TIAFT con-
ferences, you know that the events are like

an annual gathering of a family. All newbies will be
accepted into this global family of forensic
toxicology.

This abstract book is a testament to the hard work
and dedication of our contributors. It features a
collection of cutting-edge research and case stud-
ies that reflect the dynamic and evolving nature
of our discipline. We are confident that these
abstracts will inspire fruitful discussions and collab-
orations throughout the conference.

We extend our heartfelt gratitude to all the
authors, speakers, and participants for their inval-
uable contributions. Special thanks are also due
to our sponsors and partners for their generous
support, without which this event would not

be possible.

Thank you for joining us at TIAFT 2024. We wish
you a memorable and rewarding conference
experience in St.Gallen.

Warmest regards,

Dr. Jochen Beyer
Chair of the TIAFT 2024 Organizing Committee
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WELCOME

Dear colleagues

Welcome to the 61t Annual Meeting of TIAFT in St.Gallen.

I would like to extend my gratitude to the organisers of this
meeting, especially Jochen Beyer. For me it is quite sym-
bolic that my last year as TIAFT president will conclude here
in Switzerland at this annual meeting. For those of you who
are unaware of our history together, we first met in 2004 at
the Washington DC SOFT/TIAFT meeting. A few years later,
Jochen travelled to Australia to assist us with developing LC/
MS techniques for our coronial casework. Jochen eventually
moved to Switzerland managing the toxicology laboratory at
the Institute of Forensic Medicine in St.Gallen. Fast forward
to 2024, and it is hard to believe that TIAFT members (includ-
ing me) would be hosted by my good friend!

It is my pleasure to welcome you all to this conference and
over the coming days you will hear presentations that high-
light new research, innovative methodologies and develop-
ments in our discipline that contribute to promoting and
better understanding forensic toxicology. | would also like to
thank all our presenters, conference organisers, sponsors and
partners who make such large scientific meetings possible,
and also memorable. As | have suggested in many of my pres-
idents” messages to the membership, please make some time
to meet someone new at this meeting - you never know what
opportunities may arise from scientific collaborations that
end up being very rewarding, both from a professional and
personal perspective. We welcome our colleagues from SOHT
(many of us are already members of this association) and look
forward to inspiring and fruitful scientific discussions.

Dimitri Gerostamoulos
TIAFT President

Dear colleagues

Welcome to the 671t Annual Meeting of TIAFT in St. Gallen.

| would like to welcome you to this joint meeting between the
Society of Hair Testing and The International Association of
Forensic Toxicologists here in St.Gallen. To those members
present, | would like to extend a special invitation to the SoHT
General Assembly which takes place on the first day of the
meeting, Monday September 2. On the Wednesday, there
will be two scientific sessions dedicated to the analysis and
interpretation of hair. However, joint meetings are important
because one can engage also with researchers, forensic and
clinical professionals from many different fields and benefit
from scientific talks outside one’s own expertise. So, please
take the opportunity to meet new people. | am looking forward
to seeing many old and new faces in St.Gallen.

Robert Kronstrand
SoHT President

The city of St.Gallen

4 TIAFT 2024 ST.GALLEN SWITZERLAND



COMMITTEES

Local Organizing and
Scientific Committee

Jochen Beyer - Chair

Bjorn Moosmann - Scientific

Annette Cronin - Scientific

Andrea Steuer - Scientific

Sascha Steinmann - Olma Congress

Nadine Bleiker - Olma Congress

Rahel Candrian - Communication and Design
Ladina BUttiker - Administration

Markus Baumgartner - Public Relations

International Scientific
Committees

TIAFT

Serap Annette Akgur, Turkey

Hilke Andresen-Streichert, Germany
Volker Auwarter, Germany

Federica Bortolotti, Italy

Marta Concheiro-Guisan, USA
Bronwen Beth Davies, South Africa
Brigitte Desharnais, Canada

Teemu Gunnar, Finnland
Islam-Amine Larabi, France

Luca Morini, Italy

Frank Theodor Peters, Germany
Luke Rodda, USA

Jennifer Lucinda Schumann, Australia
Peter Stockham, Australia

Helena Teixeira, Portugal

Shimpei Watanabe, Japan

Dariusz Zuba, Poland

SoHT

Maristela Andraus, United Kingdom
Brice Appenzeller, Luxembourg
Tina Binz, Switzerland

Vincent Cirimele, France

Gail Cooper, USA/Scotland

Maria del Mar Ramirez Fernandez, Belgium
Donata Favretto, Italy

Robert Kronstrand, Sweden

Frank Sporkert, Switzerland

Sabina Strano Rossi, Italy

Michel Yegles, Luxembourg

International Advisory Panel
TIAFT EXECUTIVE COMMITTEE

President: Dimitri Gerostamoulos, Australia
President Elect: Simon Elliott, United Kingdom
Past President: Marc LeBeau, USA

Secretary: Carmen Jurado, Spain

Treasurer: Christophe Stove, Belgium

Board Members: Jean Claude Alvarez, France;
Nicolas Lemos, USA; Sarah Wille, Belgium

SoHT EXECUTIVE COMMITTEE

President: Robert Kronstrand, Sweden

Vice President: Brice M.R. Appenzeller, Luxembourg
Secretary: Maristela Andraus, United Kingdom

Treasurer: Frank Sporkert, Switzerland

Board Members: Mario Barrosso, Portugal; Tina Binz,
Switzerland; Vincent Cirimele, France; Donata Favretto, Italy;
Maria del Mar Ramirez, Belgium; Sabina Strano Rossi, Italy;
Michel Yegles, Luxembourg
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YOUNG SCIENTISTS MEETING

Monday, 2" September 2024
09:00 - 12:30
Lecture hall (9.1.B)

YOUNG SCIENTISTS COMMITTEE

Chair: Luke Rodda, USA Committee Members
Secretary: Elena Lendoiro, Spain Francesco Busardo, Italy

Bronwen Davies, South Africa
Sarah Eller, Brazil

Daniel Pasin, Australia

Lea Wagmann, Germany
Shimpei Watanabe, Japan

09:00 - 09:10
09:10 - 09:15
09:15 -09:45
09:45-10:15
10:15-10:45
10:45-11:00
11:00 - 11:15
11:15-11:50
11:50 - 12:30

Welcome remarks Young Scientists Committee

Welcome remarks from St.Gallen Host - Jochen Beyer, Switzerland

YS Welcome and Introductions

YS Award 2023 (Poster) - Laura Franke, Germany

Urine Adulteration by Synthetic Urine: Indirect and Direct Detection Approaches
YS Award 2023 (Oral) - Andre Luis Fabris, Brazil

Combining drug analysis with green chemistry

Short Break

YSC Mentor Talk - Luke Rodda, USA

Navigating challenges and growth during the early to mid-career journey
Mentor talk - Suman Rana, USA

Navigating the path to success through mentorship, resilience and vulnerability
Mentor talk - Markus Baumgartner, Switzerland

Keratinised matrices: Pitfalls and prospects

) TIAFT 2024 ST.GALLEN SWITZERLAND



EXHIBITION AREA
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9.1A.02
9.1A.03
9.1A.04
9.1A.05
9.1A.06
9.1A.09
9.1A.10
9.1AM

9.1A12
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9.1A.16
9.1A17

Entrance —>

Entrance —>

Entrance —>
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Flash Poster

Presentation
A

Poster Presentation

Flash Poster
Presentation
B

Restek Corporation

Siemens Healthineers AG

Merck Life Science KGaA

Chiron AS

Dragerwerk AG

TIAFT 2026

TIAFT 2025

Kantonspolizei St.Gallen

Breath Explor Munkplast AB
Chromsystems GmbH

ARK Diagnostics Inc.

United ChemicalsTechnologies Inc.
Securetec Detektions-System AG
LGC

9.1A18

9.1A.19

9.1A.20
9.1A.21

9.1A.22
9.1A.23
9.1A.24
9.1A.25
9.1A.26
9.1A.27
9.1A.28
9.1A.29
9.1A.30
9.1A.31

Thermo Fisher Scientific

Drug Checking

Shimadzu

Instrumentation Laboratory SpA - A Werfen Company
ACQ Science

Biotage Sweden AB

Bruker Daltonics GmbH & Co.KG
Waters AG

MEDICHEM Diagnostica GmbH
Randox Toxicology

EUREKA S.R.L. LAB DIVISION

AB SCIEX Switzerland GmbH

Barista «cofftales» by Dorner GmbH
Souvenir-Shop
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PROGRAM OVERVIEW

MONDAY, 2N° SEPTEMBER 2024

08:00 - 11:30
08:00 - 11:30
09:00 - 12:30
12:30 - 13:30
13:30 - 16:00
13:30 - 14:30
16:00 - 17:30
17:30 - 19:00
19:00 - 21:00
21:00

Board Meeting TIAFT
Board Meeting SoHT
Young Scientists Meeting TIAFT

Break
(Lunch for Young Scientists and Board members only)

SoHT Annual General Meeting

Regional Representative Meeting TIAFT
Vendor Workshop - Thermo Fisher Scientific
Opening Ceremony

Welcome Reception and Exhibition opening
TIAFT Pub crawl

9.0C
9.0D
Lecture hall (9.1.B)

Lecture hall (9.1.B)
9.0A

9.0B

Lecture hall (9.1.B)
Exhibition hall (9.1.A)

St.Gallen Downtown

TUESDAY, 3R° SEPTEMBER 2024

07:30 - 08:30
07:30 - 08:30
08:30 - 10:00
10:00 - 10:30
10:00 - 10:30
10:30 - 12:30
12:30 - 14:00
13:15 - 13:45
13:15 - 13:45
14:00 - 16:00
16:00 - 16:30
16:00 - 16:30
16:00 - 16:30
16:30 - 18:00
21:00 - 23:59

Vendor Workshop - Shimadzu

Vendor Workshop - Sciex

Scientific Session 1 - Applications of high resolution
mass spectrometry

Break and Exhibition

Poster gallery - NPS F-P-1to P-51

Scientific Session 2 - Novel psychoactive substances |
Break and Exhibition

Flash Poster Presentation - NPS |

Flash Poster Presentation - SOHT

Scientific Session 3 - New analytical approaches

Break and Exhibition

Poster gallery - AM F-P-1to P-43

Poster gallery - NAA P-1to P-18

Scientific Session 4 - Alternative matrices and alcohol
biomarkers

Young Scientists Night Out

9.0A
9.0B
Lecture hall (9.1.B)

Exhibition hall (9.1.A)

Exhibition hall (9.1.A)
Lecture hall (9.1.B)
Exhibition hall (9.1.A)

9.1.A - Flash Poster Area A
9.1.A - Flash Poster Area B

Lecture hall (9.1.B)

Exhibition hall (9.1.A)

Exhibition hall (9.1.A)

Exhibition hall (9.1.A)

Lecture hall (9.1.B)

St.Gallen - Braw pub
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WEDNESDAY, 4™ SEPTEMBER 2024

06:30 - 07:30
08:30 - 10:00
10:00 - 10:30
10:00 - 10:30
10:00 - 10:30
10:30 - 12:30
12:30 - 13:00
13:00 - 23:00

TIAFT Fun Run

Scientific Session 5 - Hair analysis |, joint with SOHT
Break and Exhibition

Poster gallery - SOHT F-P-1to P-25

Poster gallery - CT F-P-1to P-26

Scientific Session 6 - Hair analysis Il, joint with SOHT

Break

Excursion, booked separately, at surcharge

Bus stop Rotmonten
Lecture hall (9.1.B)
Exhibition hall (9.1.A)
Exhibition hall (9.1.A)
Exhibition hall (9.1.A)
Lecture hall (9.1.B)

Exhibition hall (9.1.A)

In front of hall 9

THURSDAY, 5™ SEPTEMBER 2024

07:30 - 08:30
08:30 - 10:00
10:00 - 10:30
10:00 - 10:30
10:00 - 10:30
10:30 - 12:30
12:30 - 14:00
13:15 - 13:45
13:15 - 13:45
14:00 - 16:00
16:00 - 16:30
16:00 - 16:30
16:00 - 16:30
16:30 - 18:00
18:00 - 22:00

Vendor Workshop - Waters
Scientific Session 7 - Drugs in driving and on-site
testing

Break and Exhibition

Poster gallery - DUI F-P-1to P-17

Poster gallery - GT P-1to P-29

Scientific Session 8 - Alcohol and drugs and driving
Break and Exhibition

Flash Poster Presentation - Postmortem toxicology
Flash Poster Presentation - Free topics

Scientific Session 9 - Clinical toxicology

Break and Exhibition

Poster gallery - HR F-P-1to P-11

Poster gallery - DIV F-P-1to P-32
Scientific Session 10 - Analytical methods
Vendor Workshop - Biotage

9.0B
Lecture hall (9.1.B)

Exhibition hall (9.1.A)

Exhibition hall (9.1.A)
Exhibition hall (9.1.A)
Lecture hall (9.1.B)
Exhibition hall (9.1.A)

9.1.A - Flash Poster Area A
9.1.A - Flash Poster Area B
Lecture hall (9.1.B)

Exhibition hall (9.1.A)

Exhibition hall (9.1.A)
Exhibition hall (9.1.A)
Lecture hall (9.1.B)
9.0B

FRIDAY, 6™ SEPTEMBER 2024

08:30 - 10:00
10:00 - 10:30
10:00 - 10:30
10:00 - 10:30
10:30 - 12:30
12:30 - 14:00
13:15 - 13:45
13:15 - 13:45
14:00 - 15:00
15:00 - 15:15
15:15-18:00
19:30

Scientific Session 11 - Postmortem toxicology
Break and Exhibition

Poster gallery - PM F-P-1to P-48
Poster gallery - AB P-1to P-12

Scientific Session 12 - Novel psychoactive substances Il

Break and Exhibition

Flash Poster Presentation - NPS Il
Flash Poster Presentation - Free topics Il
Scientific Session 13 - Free topics

Short Break

TIAFT Annual General Meeting
Conference Dinner and Awards Ceremony

Lecture hall (9.1.B)

Exhibition hall (9.1.A)

Exhibition hall (9.1.A)

Exhibition hall (9.1.A)

Lecture hall (9.1.B)

Exhibition hall (9.1.A)

9.1.A - Flash Poster Area A

9.1.A - Flash Poster Area B

Lecture hall (9.1.B)

Exhibition hall (9.1.A)

Lecture hall (9.1.B)
Hall 2

TIAFT 2024 ST.GALLEN SWITZERLAND



SCIENTIFIC PROGRAM &

Flash Poster Presentation
M Poster gallery

Break and Exhibition

Vendor Workshop

MONDAY, 2N° SEPTEMBER 2024

08:00 - 09:00 Board Meeting TIAFT

09:00 - 11:30 Young Scientists Meeting

11:30 - 12:30 TIAFT

12:30 - 13:30 Break (Lunch for Young Scientists and Board members only)

13:30 - 14:30 SoHT Annual General Meeting  Regional Representative Meeting TIAFT
14:30 - 16:00

16:00 - 17:30 Vendor Workshop - Thermo Fisher Scientific

17:30 - 19:00 Opening Ceremony

19:00 - 21:00 Welcome Reception and Exhibition opening

21:00 TIAFT Pub crawl

TUESDAY, 3*° SEPTEMBER 2024

07:30 - 08:30 Vendor Workshop - Shimadzu Vendor Workshop - Sciex

08:30 - 10:00 Scientific Session 1 - Applications of high resolution mass spectrometry
Chair: Ilkka Ojanpera, Daniel Pasin

08:30 - 08:42 [HR O-1]
Feasibility of using routine forensic toxicology data for metabolomics studies exemplified for amphetamine
Annina Bovens, Claudio Leu, Thomas Kraemer, Andrea E. Steuer

08:42 - 08:54 [HR 0-2]

Characterizing consumption markers of the designer benzodiazepine bretazenil by high-resolution mass
spectrometry using human hepatocytes and authentic postmortem samples

Prince S. Gameli, Johannes Kutzler, Laura M. Huppertz, Francesco Paolo Busardo, Jeremy Carlier, Volker Auwérter

08:54 - 09:06 [HR 0-3]

Development and optimization of compound identification scoring and data automation in high-resolution
mass spectrometry analysis

Maria Sarkisian, Megan C Farley, Luke N Rodda

09:06 - 09:18 [HR O-4]

Postmortem metabolomics and the application of machine-learning to predict postmortem interval

Liam J. Ward, Jenny Arpe, Carl Séderberg, Albert Elmsjé, Rasmus Magnusson, William Lévfors, Fredrik C. Kugelberg,
Elin Nyman, Henrik Gréen

09:18 - 09:30 [HR O-5]
Data analysis workflows utilizing SQL for UHPLC-orbitrap and ion trap MS data in untargeted metabolomics
Pia Johansson Heinsvig, Christian Brinch Mollerup, Marie Mardal

09:30 - 09:42 [HR 0-6]
Drug concentration prediction in forensic toxicology utilizing high-resolution QTOF tox screening
Albert EImsjé, Liam J. Ward, Carl Séderberg, Fredrik C. Kugelberg, Henrik Gréen

09:42 - 09:54 [HR O-7]

A metabolomics approach for CYP phenotyping: A proof-of-concept to use enzyme-based study designs
Yannick Wartmann, Thomas Kraemer, Andrea E. Steuer

10:00 - 10:30 Break and Exhibition Poster gallery - NPS F-P-1to P-51

10 TIAFT 2024 ST.GALLEN SWITZERLAND



10:30 - 12:30
12:30-13:15
13:15-13:45

Scientific Session 2 - Novel psychoactive substances |

Chair: Matthew Hosking, Carmen Jurado

10:30 - 10:43 [NPS O-1]

Update from the EU Early Warning System on new psychoactive substances
Joanna De Morais, Michael Evans-Brown, Rachel Christie, Rita Jorge, Gregorio Planchuelo, Katarzyna Berkowicz,
Thomas Nefau, Ana Gallegos, Roumen Sedefov

10:43 - 10:56 [NPS O-2]

Current state and recent advances of HighResNPS for suspect screening of new psychoactive substances

Daniel Pasin, Peter Stockham

10:56 - 11:09 [NPS O-3]

Changing trends in synthetic cannabinoid receptor agonist (SCRA) use in Scottish prisons: detection, prevalence and modes of use
Victoria Marland, Caitlyn Norman, Robert Reid, Craig McKenzie, Herve Menard, Anne Coxon, Niamh Nic Daeid

11:09 - 11:22 [NPS 0-4]

Epidemiology of new psychoactive substances in relation to traditional drugs of abuse in clinical oral fluid samples

collected in Sweden

Magnus AB Axelsson, Hanna Lévgren, Robert Kronstrand, Henrik Gréen, Moa Andresen Bergstrom

11:22 - 11:35 [NPS O-5]

Harm caused by metonitazene in New Zealand during 2022 and 2023
Diana Kappatos, Olivia Johnson, Sarah Russell, Jessica Baker, Lucy Stiles, Mathew Hosking

11:35 - 11:48 [NPS 0-6]

Chemical analysis of recreational products containing semi-synthetic cannabinoids in Germany
Benedikt Pulver, Benjamin Schmitz, Simon D. Brandt, Volker Auwérter

11:48 - 12:01 [NPS O-7]

Hemp-derived or semisynthetic cannabinoids: pharmacology of isomers and how it matters for the harm potential

of seized drugs

Liesl K. Janssens, Katleen Van Uytfanghe, Jeffrey Williams, Kirk W. Hering, Donna M. lula, Christophe P. Stove

12:01 - 12:14 [NPS 0-8]

Isomeric analysis of hexahydrocannabinol (HHC), hexahydrocannabihexol (HHCH), and hexahydrocannabiphorol (HHCP)
in products using LC-MS and supercritical fluid chromatograph (SFC)-QTOF-MS
Ruri Kikura-Hanajiri, Maiko Kawamura, Sakumi Mizutani, Rie Tanaka, Genichiro Tsuji, Takashi Misawa, Hidetomo Yokoo,

Yosuke Demizu

12:14 - 12:27 [NPS O-9]

Another new addition to the SCRA landscape: in vitro characterization of the functional activity and metabolites of

CHO-4'Me-5"Br-FUBOXPYRA

Marie H. Deventer, Brianna N. Stang, Claude Guillou, Alex J. Krotulski, Christophe P. Stove

Break and Exhibition

Flash Poster Presentation -

NPS |
Chair: Marthe Vandeputte

13:15 - 13:20 [NPS F-P-01]

A comprehensive HPLC-MS/MS method
for the detection of hexahydrocannabi-
nol (HHC) epimers and related metabol-
ic profile and its application to in vitro
metabolic studies of stereochemically
pure and mixture of HHC epimers
Milena Pajovic, Kim Wolff,

Erika Castrignano

13:20 - 13:25 [NPS F-P-02]

Metabolic biotransformation of syn-
thetic cannabinoid receptor agonists
(SCRAs)

Eathan Walker, Eric Sparkes, Morgan
Alonzo, Unnikrishnan Kuzhiumparambil,
Shanlin Fu

13:25 - 13:30 [NPS F-P-03]

Analysis of over 250 novel synthetic
opioids and xylazine by LC-MS-MS in
blood and urine

Katie Diekhans, Jihau Yu, Megan C Farley,
Luke N Rodda

Flash Poster Presentation -
SOHT

Chair: Maria del Mar Ramirez Fernandez

13:15 - 13:20 [SOHT F-P-01]

Revealing polydrug abuse in ketamine
users: Insight from hair analysis on drug
consumption patterns

Hooi Yan Moy, HuiFen Hannah Zhang,

Si Jia Chan, Chi Pang Lui

13:20 - 13:25 [SOHT F-P-02]

The detection of AEME in hair samples
where thermal hair straighteners have
been used

Donna M Muldoon, Angharad John,
Charlotte Peake

13:25 - 13:30 [SOHT F-P-03]

Forensic challenges: Distinguishing
methamphetamine consumption from
external contamination

Maggie Su Su Tiong, Si Jia Chan, Huifen
Zhang, Ngak Lee Tan-Lee, Hooi Yan Moy,
Chi Pang Lui

TIAFT 2024 ST.GALLEN SWITZERLAND
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13:15-13:45
13:45 - 14:00
14:00 - 16:00
16:00 - 16:30
16:30 - 18:00

Break and Exhibition

13:30 - 13:35 [NPS F-P-04]

Deaths involving novel benzodiazepines
in Victoria, Australia

Olaf H. Drummer, Samantha Joubert,
Matthew Di Rago, Jared W. Castle,
Kerryn Crump, Linda Glowacki, Dimitri
Gerostamoulos

13:35 - 13:40 [NPS F-P-05]

HHC and derivatives - method devel-
opment for analysis of semi-synthetic
cannabinoids and their metabolites and
its application to routine samples
Marica Hundertmark, Laura Besch,

Joérg Réhrich, Cora Wunder

Scientific Session 3 - New analytical approaches

Chair: Andrea Steuer, Christophe Stove

14:00 - 14:13 [NAA O-1]

13:30 - 13:35 [SOHT F-P-04]
Application of hair analysis in pediatric
post-mortem toxicology

Ayako Chan-Hosokawa, Stephanie M

Marco, Lorenzo Gitto

13:35 - 13:40 [SOHT F-P-05]

Cerumen as an alternate bio-matrix for
drugs of abuse: correlation of analysis

results with those for urine, blood and
hair

Zeerak Abbas, Nadeem Ul Hassan Khan,

Muneeb Arshad

Development of a multi-omics sample preparation workflow for comprehensive Metabolomics, Lipidomics and
Proteomics datasets using a single tissue sample
Lana Brockbals, Maiken Ueland, Shanlin Fu, Matthew P. Padula

14:13 - 14:26 [NAA O-2]

Acoustic ejection tandem mass spectrometry for high-throughput screening of phencyclidine-type substances in urine,

including authentic cases
Yan Shi, Ziyi Li, Wei Liu, Ping Xiang

14:26 - 14:39 [AM O-1]

A new alternative for dried blood spots papers: nanofibrous sorbents
Melike Aydogdu, Tugce Ténglic Yalcinkaya, Ahmet Cay, Emriye Perrin Akcakoca, Fatma Nil Ertas, Serap Annette Akgur

14:39 - 14:52 [NAA O-4]

Comprehensive characterization of biological fluids from subjects tested positive for illicit drugs using supercritical
fluid chromatography mass spectrometry with orthogonal ionization and fragmentation techniques
Patrick Mueller, Stefan Kénig, Gérard Hopfgartner

14:52 - 15:05 [NAA O-5]

Drug characterization and impurity mapping using R

Alasoul Saif, Herve Menard, Lorna Nisbet

15:05 - 15:18 [NAA 0-6]

Development of a green analytical toxicology method based on supramolecular solvent (SUPRAS) microextraction for
the analysis of benzodiazepines in vitreous humor
Kaué O. Chinaglia, Leonardo C. Rodrigues, Lohanna P. El Haddad, Laura S. Borbi, Débora Z. Berlinck, José L. Costa

15:18 - 15:31 [NAA O-7]

Activity-based characterization of opiates, opioids and NPS molecules, including their metabolites: a forgotten technology

with new forensic applications
Jan Karel P. Tytgat

15:31 - 15:44 [NAA O-8]

Application of chemometrics in the interpretation of diclazepam and its metabolite ratios
Christopher Davies, Agatha Grela, Joanne Morrissey, Havovi Chichger, Philip Pugh, Lata Gautam

15:44 - 15:57 [NAA 0-9]

Exploring electromembrane extraction as a simple and green alternative for the analysis of New Psychoactive Substances
André Fabris, Frederik André Hansen, Mauricio Yonamine, Stig Pedersen-Bjergaard, Elisabeth Leere @iestad

Break and Exhibition

Poster gallery - AM F-P-1to

P-43

Poster gallery - NAA P-1to
P-18

Scientific Session 4 - Alternative matrices and alcohol biomarkers

Chair: Sarah Wille, Yi Ju Yao

16:30 - 16:42 [AB O-1]

Comparison of PEth in blood and ethyl glucuronide in hair in Driving Aptitude Assessment
Matthias Bantle, Matthias Pfaffli, Wolfgang Weinmann

16:42 - 16:54 [AB O-2]

Automated sample preparation as leverage for high-throughput drug screening of wastewater
Marie Mardal, Kristian Linnet, Marie Katrine Klose Nielsen, Sys Stybe Johansen, Brian Schou Rasmussen, Ragnar Thomsen

12 TIAFT 2024 ST.GALLEN SWITZERLAND



16:30 - 18:00

21:00 - 23:59

16:54 - 17:06 [AB 0-3]
LC-MS/MS method for monitoring antiepileptic drugs in DBS. Comparison of DBS, VAMS and whole blood results.
Maria Cobo-Golpe, Lucia Paniagua-Gonzalez, Miriam Blanco-Ces, Angelines Cruz, Elena Lendoiro, Ana de-Castro-Rios

17:06 - 17:18 [AB O-4]
Informative value of phosphatidylethanol (PEth) in post-mortem blood samples
Jeremai Hose, Martin Juebner, Mario Thevis, Hilke Andresen-Streichert

17:18 - 17:30 [AB O-5]

Could ethylated phosphorylcholine be a new marker for ethanol consumption?

Catalina Dumitrascu, Elias Iturrospe, Celine Gys, Matthias Van Puymbroeck, Glenn Van Nieuwenhove, Maryline Busschots,
Diona D'Hondt, Alexia Van Goethem, Wout Claeys, Babette Van Rafelghem, Eline Baetens, Werner Jacobs, Hugo Neels,
Adrian Covaci, Alexander L.N. van Nuijs

17:30 - 17:42 [AB 0-6]

Prevalence of substance use identified in oral fluid and hair within a large-scale US court-ordered mandatory drug
testing population

Jeri D. Ropero-Miller, Megan Grabenauer, Katherine M. Bollinger, Nicolas J. Richardson, David C. Heller

17:42 - 17:54 [AB O-7]

Dental calculus as alternative matrix - evaluation of drug findings in eight postmortem cases
Merja A. Neukamm, Kerstin Henkel, Volker Auwarter, Markus J. Altenburger

Young Scientists Night Out

WEDNESDAY, 4™ SEPTEMBER 2024

06:30 - 07:30
08:30 - 10:00

Fun Run/Walk

Scientific Session 5 - Hair analysis |, joint with SOHT
Chair Tina Binz, Alberto Salomone

08:30 - 08:42 [SOHT O-1]
Cortisol in hair as a stress biomarker in pregnant women and its correlation with demographics and clinical outcomes
Rachel Calvagna, Melissa Orr, Mamta Fuloria, Maureen J Charron, Marta Concheiro

08:42 - 08:54 [SOHT 0-2]

Advancements in forensic hair analysis using UPLC- Q-TOF and UPLC-MS/MS demonstrated via a case report concerning
synthetic cathinone abuse

Maria del Mar Ramirez Fernandez, Sarah M.R. Wille, Vincent Di Fazio, Joy Eliaerts, Nele Samyn

08:54 - 09:06 [SOHT O-3]

Hair analysis as an epidemiological indicator to assess the drug situation in Europe

Christina Ververi, Jodo Matias, Pamela Dugues, Jean-Claude Alvarez, Daniel Martins, Olesia Rudminiené, Enrico Gerace,
Marta Massano, Alberto Salomone, Islam Amine Larabi

09:06 - 09:18 [SOHT O-4]
Chiral analysis of ketamine in hair by UHPLC-MS/M$S
Xin Wang, Zhen Zhang, Ping Xiang

09:18 - 09:30 [SOHT O-5]

Using a hair reference material as a benchmark to evaluate drug testing performance in five US hair testing laboratories
and work towards harmonization and consensus.

Svante Vikingsson, E Dale Hart, Ruth E Winecker, Eugene D Hayes, Ronald R Flegel, Lisa S. Davis

09:30 - 09:42 [SOHT 0-6]

Evaluation of the influence of keratin hair straightening on the detection of xenobiotics, illustrated with caffeine and
endogenous GHB- preliminary study.

Karolina Nowak, Pawet Szpot, Marcin Zawadzki

09:42 - 09:54 [SOHT 0-7]

Analyte recoveries from intact and powdered authentic hair at different extraction conditions.
Robert Kronstrand, Markus Roman, Gerd Jakobsson

TIAFT 2024 ST.GALLEN SWITZERLAND
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10:00 - 10:30

10:30 - 12:30
12:30 - 13:00
13:00 - 23:00

Break and Exhibition Poster gallery - SOHT F-P-1to | Poster gallery - CT F-P-1to

P=28 P-26

Scientific Session 6 - Hair analysis Il, joint with SOHT
Chair: Marc LeBeau, Frank Sporkert

10:30 - 10:43 [SOHT 0-8]
Detection of pyrazolam in hair by LC-MS/MS in two drug-facilitated-crime cases
Gerd Jakobsson, Robert Kronstrand

10:43 - 10:56 [SOHT 0-91]
Unanticipated results of hair analysis for synthetic cannabinoids linked to worn headwear: A case report
Annette Zschiesche, Yvonne S. Jungel, Laura M. Huppertz, Merja A. Neukamm, Volker Auwérter

10:56 - 11:09 [SOHT 0O-10]
Hair analysis after single and repeated short in vivo passive exposures to cannabis and “cannabis light”: preliminary results
Arianna Giorgetti, Guido Pelletti, Simone Santelli, Susan Mohamed, Francesca Rossi, Jennifer P Pascali

11:09 - 11:22 [SOHT O-11]
The stability of Ethyl Glucuronide (EtG) in stored hair samples
Amy Duda, Lolita Tsanaclis

11:22 - 11:35 [SOHT 0-12]

Development and validation of an HPLC-MS/MS method for the determination of benzodiazepines in hair.
Comparison of two different extractions and applications on real samples.

Giulia Stocchero, Martina Pes, Manuela Lucchiari, Antonio Cambria, Giovanni Michele Marchio, Flora Donini,
Francesco Ingenito, Lucia Bertoldi, Cristiana Fait, Lucia Pecoraro, Adriano Anesi, Alberto Salomone, Donata Favretto

11:35 - 11:48 [SOHT 0-13]
Endocannabinoid and steroid levels during and after pregnancy in fingernails of mothers and their newborns
Clarissa D. Végel, Tanja Restin, Pearl La Marca-Gaemmaghami, Matilde Murari, Thomas Kraemer, Tina M. Binz

11:48 - 12:01 [SOHT O-14]

Hair analysis of critically ill pediatric patients undergoing opioid treatment with focus on fentanyl derivatives and
metabolites

Max C. Polke, Florian Zapf, Tanja Restin, Thomas Kraemer, Tina M. Binz

12:01 - 12:14 [SOHT O-15]
Retrospective evaluation of novel synthetic opioids and xylazine chronic intake by post-mortem hair analysis

Rossella Gottardo, Marco Ballotari, Nicola Pigaiani, Karen S Scott, Gregory G Davis, Federica Bortolotti

12:14 - 12:27 [SOHT 0-16]
Hydroxyketamine and hydroxynorketamine isomers can be detected in hair of ketamine users

Giampietro Frison, Flavio Zancanaro, Alessia Finotello, Samuela Frasson, Silvano Zancaner

Break

Excursion, booked separately, at surcharge
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THURSDAY, 5™ SEPTEMBER 2024

07:30 - 08:30
08:30 - 10:00
10:00 - 10:30
10:30 - 12:30

Vendor Workshop - Waters

Scientific Session 7 - Drugs in driving and on-site testing
Chair : Marilyn Huestis, Nikolas Lemos

08:30 - 08:42 [DUI O-1]

Validation of an LC-MS/MS method for screening 340 classical Drugs of Abuse (cDoA), NPS, and pharmaceuticals:
Application to the analysis of residues from used syringes within the ESCAPE network

Islam Amine Larabi, Pamela Dugues, Emuri Abe, Gemara Beaufils, Catherine Duplessy, Thomas Nefau, Thomas Seyler,
Jean-Claude Alvarez

08:42 - 08:54 [DUI 0-2]

Preliminary pharmacokinetic and psychophysical data after controlled inhalative and oral consumption of
hexahydrocannabinol (HHC)

Lisa Hofert, Benjamin Franz, Cedric Gro8, Jan DreBler, Susen Becker, Sven Baumann

08:54 - 09:06 [DUI O-3]
The development of a D-9-THC colorimetric breathalyzer using 3D printing manufacture
Savanah Allinson, Aron Jaffe, Tagiyah Chernesky, Stephanie Walcott, Emanuele A Alves

09:06 - 09:18 [DUI O-4]

On-site instrumental analysis in a toxicology context: towards portable capillary electrophoresis for determining
gamma-hydroxybutyric acid (GHB) at the point of need

Giacomo Musile, Marc-Auréele Boillat, Goetz Schlotterbeck, Peter Hauser

09:18 - 09:30 [DUI O-5]
Development, validation, and application of a high-throughput automated sample preparation technique
Tyler Devincenzi, Steven R Towler, Luke N Rodda

09:30 - 09:42 [DUI 0-6]
Development of a paper-based presumptive test for the detection of fentanyl and its analogues
Archie Lambrinos, Morgan Alonzo, Shanlin Fu

09:42 - 09:54 [DUI O-7]

Prevalence and blood concentration of drugs in fatal road accidents in Western Switzerland from 2002 to 2023
Marc Augsburger, Jonathan Maurer, Nicolas Donzé, Claudia Castiglioni, Tony Fracasso, Aurélien Thomas

Break and Exhibition Poster gallery - DUl F-P-1to Poster gallery - GT P-1to P-29

P-17

Scientific Session 8 - Alcohol and drugs and driving
Chair: Brice Appenzeller, Marc Augsburger

10:30 - 10:43 [DUI O-8]
Prevalence of alcohol, drugs of abuse and medicines in fatal road traffic injuries in a Thai population between 2018 and 2023
Patcharanun Chulamanee, Peerayuht Phuangphung

10:43 - 10:56 [DUI 0-91]
Drugs of abuse detected in oral fluid samples of Victorian drivers over 15 years (2008-2022).
Matthew Di Rago, Scott Fletcher, Lachlan Arentz, Lily Tuong, Linda Glowacki, Dimitri Gerostamoulos, Olaf H. Drummer

10:56 - 11:09 [DUI O-10]
Establishing per se limits in drug impaired driving cases: effects of raising the lower limit for different drugs
Gudrun Hgiseth, Knut Hjelmeland, Jgrg Mgrland

11:09 - 11:22 [DUI O-11]

Comparison of the accuracy and precision of THC and cocaine/benzoylecgonine in whole blood when using single point, two
point or multipoint calibration in relation to analysis of samples obtained under Section 5A of the Road Traffic Act 1988
Anita Tarnoska, Vincenzo Abbate, Susan C Grosse, Mark C Parkin

11:22 - 11:35 [DUI O-12]
The effects of sleepiness on the metabolome - road to biomarkers in oral fluid
Michael Scholz, Andrea E. Steuer, Akos Dobay, Stefan Lakaemper, Kristina Keller, Hans-Peter Landolt, Thomas Kraemer

11:35 - 11:48 [DUI O-13]
Effects of sampling & handling practices on preanalytical loss of nitrous oxide from whole blood samples
Angelica @ Lindholm, Marie Katrine Klose Nielsen, Mette Kristensen, Brian Schou Rasmussen

11:48 - 12:01 [DUI O-14]

Driving under influence in Finland: Trends and remarks over the past ten years
Aino Kankaanpéaé, Petri Varjos, Nina Lauronen, Teemu Gunnar
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10:30 - 12:30
12:30 - 13:15
13:15 - 13:45
13:45 - 14:00
14:00 - 16:00

16 TIAFT 2024 ST.GALLEN SWITZERLAND

12:01 - 12:14 [DUI O-15]

Soft mobility and DUI-related traffic accidents: the results of a study conducted in Western Veneto in the years 2019 - 2023
Federica Bortolotti, Francesco Taus, Daniele Leonardi, Matilde Bissolo, Matilde Murari, Nadia M Porpiglia, Sara Pesavento,

Anna Bertaso, Rossella Gottardo

12:14 - 12:27 [DUI 0-16]

Changing gears in 2023 - putting the brakes on drugs in driving in New Zealand
Rosemary C A Moar, Helen A Poulsen, Matthew R Hosking

Break and Exhibition

Flash Poster Presentation -

Postmortem toxicology
Chair: Brigitte Desharnais

13:15 - 13:20 [PM F-P-01]
Redistribution of amlodipine in post-
mortem samples

Jing Chang, Jian Huang, Xin Xin Ren, Yu
jing Luan, Yun feng Zhang, Rui hua Wang

13:20 - 13:25 [PM F-P-02]

Gastric content analysis as a forensic
tool in delayed pesticide toxicity
deaths: A case series from South Africa
Bronwen Davies

13:25 - 13:30 [PM F-P-03]

Death by cannabis

Donata Favretto, Antonello Cirnelli,
Cristina Basso, Maddalena Galeazzi,
Fabio Mattiazzi

13:30 - 13:35 [PM F-P-04]

Anabolic steroids: “Deadly poisons”
Frédéric Aknouche, Christophe Marue-
jouls, Claire Trebuchet, Kevin Fargeot,
Fatima Korkmazyigit, Laureen Thion,
Laurie Gheddar, Pascal Kintz

13:35 - 13:40 [PM F-P-05]

But did they drink it?

Sherri L. Kacinko, Tammy Y. Welch,
Sharana D. Cook, Michael E. Lamb

Scientific Session 9 - Clinical toxicology

Chair: Naren Gunja, Hans Maurer

14:00 - 14:13 [CT O-1]

Flash Poster Presentation -

Free topics
Chair: Islam Larabi

13:15 - 13:20 [DIV F-P-01]

Adverse analytical finding for ostarine in
a doping context explained by contami-
nation by body fluids

Jean-Claude Alvarez, Isabelle Etting,
Islam Amine Larabi

13:20 - 13:25 [DIV F-P-02]

Evaluating occupational lead exposure
in an Algerian lead battery recycling
plant: Significance for worker health
and safety

Faiza Bouchala, Sabah Benboudiaf,
Anne Boos, Mohamed Hamadouche,
Pascal Ronot, Islah EI Masoudi,
Mohamed Azzouz

13:25 - 13:30 [DIV F-P-03]

Be aware of (R)-methamphetamine:
negative immunoassay vs. positive
confirmation analysis

Jennifer Liut, Burkhard Madea, Michael
Kramer, Alexandra Maas-Gramlich

13:30 - 13:35 [CT F-P-01]

Two-year report of pediatric uninten-
tional cannabinoid intoxication in a
Sicilian Pediatric Hospital

Francesca Di Gaudio, Davide Albano,
llaria Calabrese, Sergio Indelicato, Vita
Giaccone, Annamaria Cucina, Domenico
Cipolla, Ettore Piro, Antonina Argo

13:35 - 13:40 [AM F-P-01]

Excretion of metabolites after oral
ingestion of mitragynine

Josephine Krauskopf, Cecilia Henrich,
Elisabeth Prevete, Johannes T. Reckweg,
Eef L. Theunissen, Kim P. C. Kuypers,
Johannes G. Ramaekers, Alexander
Paulke, Stefan W. Toennes

Characterization of the alcohol biomarker phosphatidylethanol in donor whole blood and apheresis red blood cells
Theresa Kinard, Loralie Langman, Paul Jannetto, Christine Snozek

14:13 - 14:26 [CT O-2]

Ayurvedic medicine: A ‘natural” way of managing type 2 diabetes? A case study

Jenna Irion, Lubbe Wiesner

14:26 - 14:39 [CT 0-3]

Accidental intoxication of three policemen with ADB-BINACA after inhaling substance containing dust
Wiebke Rudolph-Allritz, Catharina Baesler, Marc Villwock




14:00 - 16:00
16:00 - 16:30
16:30 - 18:00
18:00 - 22:00

14:39 - 14:52 [CT O-4]
A case of acute psychosis post consumption of Delta-9-o THC and HHC laced edibles.
Rohan Rana, Shawn Bested, Brook Bested, Sumandeep Rana

14:52 - 15:05 [CT O-5]
Investigating y-hydroxybutyrate (GHB) detection time and associated symptoms: Insights from a randomized clinical trial
Kathrine Bohn Faldborg, Lambert Kristiansen Sgrensen, Jargen Bo Hasselstrem, Charlotte Uggerhgj Andersen

15:05 - 15:18 [CT O-6]
Investigating psilacetin metabolism: in vivo conversion to psilocin in male rats
Ana MF. Pego, Grant C. Glatfelter, David R. Manke, Andrew Chadeayne, Michael H. Baumann, Marta Concheiro-Guisan

15:18 - 15:31 [CT O-7]
Use of an untargeted screening workflow to detect new LSD metabolites following controlled LSD administration to humans
Sina Favrod, Friederike Holze, Matthias E. Liechti, Thomas Kraemer, Andrea E. Steuer

15:31 - 15:44 [CT O-8]

Two cases of intoxication with delta-9-tetrahydrocannabiphorol (THCP), a new semi-synthetic cannabinoid.

Marie Carles, Lucas Bertaina, Anne-Laure Pelissier, Jean-Claude Alvarez, Romain Pelletier, Thomas Gicquel, Caroline
Solas-Chesneau, Nicolas Fabresse

15:44 - 15:57 [CT O-9]

Glucagon like peptide-1analogues and misuse for weight-loss purposes: semaglutide and liraglutide proteins analysis in
whole blood samples by the use of LC-ESI-HRMS method

Nadia Arbouche, Alice Ameline, Laurie Gheddar, Jean-Sébastien Raul, Pascal Kintz

Break and Exhibition Poster gallery - HR F-P-1to Poster gallery - DIV F-P-1to

P-11 P=372

Scientific Session 10 - Analytical methods
Chair: Simon Elliott, Dirk Wissenbach

16:30 - 16:42 [NAA O-3]
Evaluation of spectroscopic techniques for on-site drug testing on festival seizures
Natalie Meert, Joy Eliaerts, Filip Van Durme, Sarah M.R. Wille, Nele Samyn

16:42 - 16:54 [AM O-2]
Ketamine - a new (or old) kid on the block: A comprehensive three-year spatio-temporal study in Belgium through
wastewater-based epidemiology

Natan Van Wichelen, Tim Boogaerts, Maarten Quireyns, Rania Dermitzaki, Peter Delputte, Sofie Schaerlaekens, Naomi De Roeck,

Bavo Verhaegen, Koenraad Van Hoorde, Hadrien Maloux, Veronik Hutse, Celine Gys, Adrian Covaci, Alexander L.N. van Nuijs

16:54 - 17:06 [AM O-3]

Insights from four years of wastewater surveillance for novel psychoactive substances from up to 20 countries

Richard Bade, Dhayaalini Nadarajan, Nikolauos Rousis, Sangeet Adhikari, Christine Baduel, Lubertus Bijlsma, Erasmia Bizani,
Tim Boogaerts, Daniel Burgard, Sara Castiglioni, Andrew Chappell, Adrian Covaci, Erin M Driver, Fernando Fabriz Sodre, Despo
Fatta-Kasinos, Aikaterina Galani, Cobus Gerber, Emma Gracia-Lor, Elisa Gracia-Marin, Rolf U Halden, Ester Heath, Carolin
Huber, Felix Hernandez, Julia Huchthausen, Emma Jaunay, Foon Yin Lai, Heon-Jun Lee, Maria Laimou-Geraniou, Jandyson
Machado Santos, Vera Ocenaskova, Jeong-Eun Oh, Kristin Olafsdottir, Temilola Oluseyi, Kaitlyn Phung, Marco Pineda Castro,
Magda Psichoudaki, Xueting Shao, Arndis Sue Ching Love, Rafael Silva Feitosa, Cezar Silvino Gomes, Bikram Subedi, Nikolaos
Thomaidis, Diana Tran, Alexander L.N. van Nuijs, Taja Verovsek, Degao Wang, Jason M White, Viviane Yargeau, Ettore Zuccato,
Jochen Mueller

17:06 - 17:18 [AM O-4]

Comparison of four experimental setups for bias and precision studies in method validation according to different
guidelines exemplified for a LC-MS/MS assay for morphine, hydromorphone and their metabolites in human plasma
Lisa OBowski, Daniela Wissenbach, Frank T. Peters

17:18 - 17:30 [AM O-5]
Mathematics-based best practices for the method of standard addition
Brigitte Desharnais, Etienne Lebrun, Jocelyn V Abonamah, Szabolcs Sofalvi

17:30 - 17:42 [AM 0O-6]

Development of a sensitive SPE-LC-MS/MS method for analysis of insulin variants, C-peptide and hemoglobin in
postmortem vitreous humor and cerebrospinal fluid

Hans Brabec, J6rg Rohrich, Cora Wunder

17:42 - 17:54 [AM O-71

Wastewater-based epidemiology for measuring illicit drug use: increased evidence for early-warning type of information
and correlation between different indicators for drug use

Teemu Gunnar, Aino Kankaanpaa

Vendor Workshop - Biotage
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FRIDAY, 6™ SEPTEMBER 2024

08:30 -10:00 Scientific Session 11 - Postmortem toxicology

Chair: Lana Brockbals, Dimitri Gerostamoulos

08:30 - 08:42 [PM O-1]
Ethanol production in the gut: An autopsy case
Maiko Kusano, Chikara Kohda, Masaya Fujishiro, Taka-aki Matsuyama

08:42 - 08:54 [PM 0-2]
Drug-related deaths at Australian music festivals
Jennifer L. Schumann, Riyad Santamarina, John Fitzgerald, David Caldicott

08:54 - 09:06 [PM O-3]
Death of an infant due to the administration of diphenhydramine and zopiclone
Silvana Petzel-Witt, Stefan W. Toennes, Constanze Niess

09:06 - 09:18 [PM O-4]

Further evaluation of bladder wash as an alternative specimen for postmortem toxicology: comparison to screening
results of urine and kidney tissue

Andrea E. Steuer, Sandra N. Poetzsch, Stephan A. Bolliger, Thomas Kramer

09:18 - 09:30 [PM O-5]

Forensic Entomotoxicology: Assessing the potential of necrophagous larvae for post-mortem toxicological analysis,
using diazepam in a minipig model

Olwen Charlotte Groth, Anaélle Pi, Andres Eskjeer Jensen, Susan Rahaus, Gabriele Roider, Matthias Graw

09:30 - 09:42 [PM 0-6]
Drug identification through analysis of maggots recovered from skeletonized dead body - A case study
Rida Akbar, Muhammad Imran, Muhammad Taimoor Chaudhary, Saima Afzal, Muhammad Irfan Ashiq, Muhammad Amjad

09:42 - 09:54 [PM O-7]
Post mortem distribution of isotonitazene and its three metabolites in the first lethal case observed in France
Jean-Joseph Bendjilali-Sabiani, Juliette Descoeur, Maisy LOSSOIS, Céline EIDEN, Héléne PEYRIERE, Olivier MATHIEU

10:00 -10:30 Break and Exhibition Poster gallery - PM F-P-1to Poster gallery - AB P-1to P-12

P-48

10:30 -12:30 Scientific Session 12 - Novel psychoactive substances Il
Chair: Volker Auwérter, Svante Vikingsson

10:30 - 10:43 [NPS 0-10]

In vitro structure-activity relationships and forensic case series of emerging 2-benzylbenzimidazole opioids

Liam M. De Vrieze, Sara E. Walton, Eline Pottie, Donna M. Papsun, Barry K. Logan, Alex J. Krotulski, Christophe P. Stove,
Marthe M. Vandeputte

10:43 - 10:56 [NPS O-11]
New wine in old skins: MDMB-BINACA and its detection, metabolism and pharmacology
Martin N. Scheu, Annette Zschiesche, Benedikt Pulver, Volker Auwarter

10:56 - 11:09 [NPS O-12]

In vitro neurotransmitter inhibition of recently detected synthetic cathinones 2-methyl-alpha-PiHP, N-butyl-butylone,
and N-cyclohexyl-butylone

Manuela C. Monti, Maria Wikstrém, Mattias Persson, Henrik Gréen

11:09 - 11:22 [NPS O-13]

In vitro y-aminobutyric acid type A receptor activity of prescription and novel benzodiazepines detected on the European
illicit drugs market

Caitlyn Norman, Nina Ottosson, Amaia Jauregi-Miguel, Sara | Liin, Henrik Gréen

11:22 - 11:35 [NPS O-14]

Synthesis and functional evaluation of synthetic cannabinoid receptor agonists related to ADB-HEXINACA

Eric Sparkes, Axelle Timmerman, Jack W. Markham, Rochelle Boyd, Rebecca Gordon, Katelyn A. Walker, Richard C. Kevin,
David E. Hibbs, Samuel D. Banister, Elizabeth A. Cairns, Christophe P. Stove, Adam Ametovski

11:35 - 11:48 [NPS O-15]
Short- and long-term stability of synthetic cathinones and dihydro-metabolites in human whole blood and urine samples
Abdulaziz A. Aldubayyan, Erika Castrignano, Simon Elliott, Vincenzo Abbate

11:48 - 12:01 [NPS O-16]

Metabolism study of 3-chloromethcathinone (3-CMC) by dried blood spot (DBS) sampling after controlled administration
using a murine model

Serena Mestria, Sara Odoardi, Valeria Valentini, Giulia Biosa, Giorgia Corli, Marta Bassi, Matteo Marti, Sabina Strano Rossi
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10:30 - 12:30
12:30-13:15
13:15-13:45
13:45 - 14:00

12:01 - 12:14 [NPS O-17]

3-CMC, 4-CMC, and 4-BMC metabolic profiling in humans: New major metabolic pathways to document consumption

of methcathinone analogues

Jeremy Carlier, Diletta Berardinelli, Omayema Taoussi, Gloria Daziani, Francesco Tavoletta, Piotr Adamowicz, Francesco Paolo

Busardo

12:14 - 12:27 [NPS O-18]

Assessment of a-PVP disposition in oral fluid, sweat and urine in humans by GC-MS/MS analysis
Nunzia La Maida, Annagiulia Di Trana, Georgina de la Rosa, Clara Pérez-Mafa, Esther Papaseit, Lourdes Poyatos, Manuela
Pellegrini, Alessandro Di Giorgi, Magi Farré, Simona Pichini

Break and Exhibition

Flash Poster Presentation -

NPS II
Chair: Caitlyn Norman

13:15 - 13:20 [NPS F-P-06]

Oral fluid insights: Unveiling trends in
illicit substance consumption and new
psychoactive substances at Brazilian
festivals through oral fluid analysis

José Luiz Costa, Aline F. Martins, Nathaly
C. B. F. dos Santos, Marcela de Oliveira
Soares, Bruna S. D. de Oliveira, Paula
Christiane Soubhia, Rafael Lanaro

13:20 - 13:25 [NPS F-P-07]
Protonitazepyne and metonitazepyne
pharmacological profiling: Assessment
of p-, k-, and 6-opioid receptors
activation with a novel high-throughput
non-radioactive GTP Gi binding assay
Diletta Berardinelli, Simona Zaami,
Benedikt Pulver, Francesco Paolo
Busardo, Volker Auwérter

13:25 - 13:30 [NPS F-P-08]
Deschloroketamine derivatives: Studies
on their in vivo and in vitro metabolism
and their microbial biotransformation
in wastewater by means of hyphenated
mass spectrometry

Fabian Frankenfeld, Lea Wagmann,
Anush Abelian, Jason Wallach,

Adeboye Adejare, Simon D. Brandt,
Markus R. Meyer

13:30 - 13:35 [NPS F-P-09]
Identification of hexahydrocannabipho-
rol metabolites in human urine

Willi Schirmer, Stefan Schiirch,
Wolfgang Weinmann

13:35 - 13:40 [SOHT F-P-06]

First evidence of protonitazene, a
novel synthetic opioid, in human hair
Pascal Kintz, Laurie Gheddar, Nadia
Arbouche, Simona Pichini, Frédéric
Aknouche, Christophe Maruejouls,
Alice Ameline

Flash Poster Presentation -

Free topics Il
Chair: Jennifer Schumann

13:20 - 13:25 [HR F-P-02]

Application of an untargeted metabo-
lome approach to screen for biomark-
ers of nitrite poisoning

Marta Massano, Maria Cobo-Golpe,
Thomas Kraemer, Andrea E. Steuer

13:25 - 13:30 [DUI F-P-01]

Occurrence of semi-synthetic cannabi-
noids in seized cannabis products from
Eastern Denmark

Christian Falck Jargensen, Brian Schou
Rasmussen, Kristian Linnet, Ragnar
Thomsen

13:30 - 13:35 [DUI F-P-02]

New psychoactive substances and
psycoactive pharmaceuticals assess-
ment in drivers’ oral fluid samples
Miriam Blanco-Ces, Rosa Montes-
Goyanes, Elena Lendoiro, Maria Cobo-
Golpe, Angela Lopez-Rabufal, Angelines
Cruz-Landeira, Manuel Lépez-Rivadulla,
Ana de-Castro-Rios

13:35 - 13:40 [DUI F-P-03]
Analyzing cannabinoids in blood and
oral fluid: Implications for drug-im-
paired driving

Curt E. Harper
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14:00 - 15:00

15:00 - 15:15
15:15-18:00
19:30

Scientific Session 13 - Free topics
Jean-Claude Alvares, Barry Logan

14:00 - 14:12 [DIV O-1]
Epidemiological profile of pregabalin misuse and abuse in the region of Ouargla, Algeria
Amine Mohamed Kerdoun, Anissa Zergui, Assia Yamoun

14:12 - 14:24 [DIV 0-2]
Structure-activity relationship of P-gp ATPase modification by synthetic cannabinoids and drug-drug interaction prediction
Lea Wagmann, Anna Spanier, Markus R. Meyer

14:24 - 14:36 [DIV O-3]
Amino acids and their metabolites as biochemical markers of putrefaction
Laura Franke, Hannah lhle, Kristina Rieger, Viviane Stammer, Senta Niederegger, Dirk K. Wissenbach, Frank T. Peters, Gita Mall

14:36 - 14:48 [DIV O-4]

Mitragynine and 7-hydroxymitragynine plasma pharmacokinetics after controlled oral mitragynine isolate administration to
healthy human subjects

Marilyn A. Huestis, Martin A. Brett, John Bothmer, Thomas Hudzik, Jack E. Henningfield, Ramsey Atallah

14:48 - 15:00 [DIV O-5]

Characterization of ‘prophetic’ nitazenes: insights from in vitro y-opioid receptor assays and in vivo behavioral studies in mice
Marthe M. Vandeputte, Grant C. Glatfelter, Donna Walther, Nathan K. Layle, Danielle M. St. Germaine, Istvan Ujvary, Donna M.
lula, Michael H. Baumann, Christophe P. Stove

Short Break
TIAFT Annual General Meeting

Conference Dinner and Awards Ceremony
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Scientific Session 1 - Applications of
high resolution mass spectrometry
8:30 - 10:00 Tuesday, 3 September, 2024

Chair: llkka Ojanpera, Daniel Pasin

Feasibility of using routine forensic toxicology data for metabolomics studies exemplified
for amphetamine

Annina Bovens, Claudio Leu, Thomas Kraemer, Andrea E. Steuer
Department of Forensic Pharmacology and Toxicology, Zurich Institute of Forensic Medicine, University of Zurich,
Zurich, Switzerland

Background & Aims: Metabolome studies focus on the measurable change in (endogenous) metabolites triggered
by a certain stimulus. In forensic toxicology, it is of interest to find analytical biomarkers for xenobiotics like drugs
of abuse (DOA) that can improve case interpretation or elucidate underlying pharmacological mechanisms. (Place-
bo-) controlled clinical studies represent the gold standard for metabolome investigations but are hardly possible
for DOA in humans for ethical reasons. This raised the question of whether routine cases could be used for this
purpose. In forensic toxicology, untargeted workflows have become common, so there is the possibility of re-pro-
cessing routine data files retrospectively with metabolomics-like workflows. However, several challenges have

to be considered. For routine cases, drug doses and time of ingestion remain unknown and confounding factors
cannot be controlled, leading to some variability. When re-evaluating data files, additional inter-batch differences
are introduced during preparation and data acquisition. This is particularly important as untargeted metabolome
comparisons are only made based on peak area differences (metabolites of interest are unknown before analysis
omitting quantification). Therefore, it is necessary to evaluate whether using such (retrospective) routine data for
metabolomics studies in a forensic toxicological context is possible. Here, we aimed to compare (endogenous)
metabolomic findings of a placebo-controlled amphetamine administration study in humans (A) to routine cases
positive and negative for amphetamine, prepared and analyzed within a single analytical batch ("one-batch", B) and
after re-evaluation of data files prepared and analyzed over 6 months ("multiple-batch", C).

Methods: For the controlled study (A), plasma was collected from healthy volunteers (n =18, n__ =18) 3.5 h after
crossover administration of amphetamine (single 40 mg dose) and placebo (Holze 2019). For the routine data set,
whole blood from selected cases was used (npos=36, nneg=35), matching in age and drug co-administration. This data
set was once analyzed and evaluated as "one-batch" (B) and once as "multi-batch" (C), measured over 6 months.
All samples were extracted via protein precipitation (acetonitrile, 1:3, v/v) and analyzed with an untargeted liquid
chromatography-tandem mass spectrometric method (Bruker Elute UHPLC; Bruker Impact Il TOF-HRMS; data-in-
dependent acquisition; ESI+). Peak picking and alighment were done simultaneously for A, B, and C with MS-DIAL
(version 4.9). In MetaboAnalyst (version 5.0), PQN-normalization was conducted, while further statistical analyses
were performed in R (version 4.3.2). Features defined by a specific combination of mass and retention time were
evaluated for significance by comparing amphetamine-positive and negative cases for A, B, and C separately. Fea-
tures fulfilling the following criteria were considered significant: foldchange (fc) 0.5 or fc 2, p-value 0.05, present
in 80% of the cases per batch and peak area 1000.

Results & Discussion: When systematically comparing metabolome results between a controlled study (A) and
routine cases analyzed under two different conditions ("one batch", B, and "multi-batch", C) we would expect sig-
nificant features from A to be found in B and C as well. First, significant features in Awere defined as the basis for
comparison with B. 405 (92%) significant features from A were also present in B; however, only 15 (3.5%) of them
were significant. These matching and significant features are all suspected to be related to amphetamine (frag-
ments) based on library matches. As for endogenous metabolites, most features in B showed much smaller diffe-
rences between amphetamine-positive and -negative cases, as most p-values were around 0.1 and/or fcs around
1.1. Therefore, feature-based uni-variate statistical testing seems unsuitable for endogenous biomarker searches
with small differences between treatment groups. However, while significantly changed features from A did not
match the results from B, 497 other features still met the defined significance criteria. It cannot be excluded that
changes in these additional B features were caused by amphetamine, considering presumably higher and repeated
dosing in routine cases compared to the controlled study, or they simply occurred by chance. Secondly, significant
B features were compared to C. All significant B features were present in C, but only 46 (10%) were significant.
Features insignificant in C showed p-values around 0.2 and/or fcs around 0.75, pointing out the relevance of inter-
batch differences regarding data acquisition.
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Conclusion: We aimed to evaluate the utility of (retrospective) routine data in metabolomics, particularly in
forensic toxicology. The comparison between a controlled study (A) and routine cases (B and C) revealed several
key findings. For the current dataset (n=71 routine cases), only few significantly changed features from A could

be confirmed in routine cases (B). Larger sample sizes or more sophisticated multi-variate statistics might com-
pensate for higher inter-individual variation in routine cases and presumably allow a better overlap. As expected,
re-evaluating retrospective routine data introduces even greater variation (B vs. C). Nevertheless, drug metabolites
could still be detected in routine cases (B and C). This confirms the general feasibility of (re)using routine cases or
acquired HRMS datafiles for untargeted metabolome(-like) investigations if expected changes are high enough.

Characterizing consumption markers of the designer benzodiazepine bretazenil by
high-resolution mass spectrometry using human hepatocytes and authentic postmortem
samples

Prince S. Gameli', Johannes Kutzler?, Laura M. Huppertz?, Francesco Paolo Busardo', Jeremy Carlier’,

Volker Auwérter?

'Department of Biomedical Sciences and Public Health, Marche Polytechnic University, Ancona, Italy. ?Institute of
Forensic Medicine, Medical Center - University of Freiburg, Faculty of Medicine, University of Freiburg, Freiburg,
Germany

Background & Aims: Benzodiazepines are traditionally used in clinical settings as anxiolytics, sedatives, or relax-
ants. However, designer benzodiazepines, in current times, have gained widespread notoriety as novel psycho-
active substances (NPS), and are often abused alone or with other drugs, most notably opioids. This phenomenon
known as "benzo-dope" can lead to debilitating health effects and serious morbidity. Designer benzodiazepines
in some cases are disguised as therapeutic drugs and their administration may pose significant danger to unsus-
pecting persons. Currently, the European Monitoring Centre for Drugs and Drug Addiction (EMCDDA) monitors 33
designer benzodiazepines since their appearance on the illicit market in 2007.

Bretazenil, a partial agonist of gamma-aminobutyric acid (GABA) receptors, albeit an old compound, re-surfaced

in 2022 in Sweden and has subsequently been monitored by the EMCDDA. Although the abuse potential of breta-
zenil per literature is lower than for typical prescription benzodiazepines, its toxicity and likely concomitant abuse
with other drugs necessitate the identification of consumption markers useful in clinical and forensic settings. The
present study was carried out to detect and characterize markers of consumption of the largely unexplored metab-
olism landscape of bretazenil utilizing in silico prediction tools, incubation with hepatocytes, and authentic human
biosamples from a postmortem intoxication case.

Methods: Open access in silico toolkits, GLORYx and Biotransformer (v. 3.0) were used to generate bretazenil phase
I and Il metabolites in humans. The threshold for GLORYx was set at 20% of the probability prediction score. Breta-
zenil was incubated with pooled cryopreserved hepatic cell lines for 3 h at 37 °C to assess its in vitro metabolism.
Authentic human urine and blood from a bretazenil-positive postmortem case were analyzed for confirmation.
Incubates and samples were mixed with acetonitrile and centrifuged, and supernatants were evaporated to dry-
ness before reconstitution in 0.1% formic acid in water and 0.1% formic acid in acetonitrile (90:10, v/v); urine was
prepared following enzymatic hydrolysis with B-glucuronidase (P. vulgata) and without hydrolysis. All samples were
incubated and/or extracted along with negatives and/or blanks to monitor the experimental conditions.

Samples were analyzed with liquid chromatography-high resolution tandem mass spectrometry (LC-HRMS/MS)
using reverse-phase chromatography with a biphenyl column and full scan and data-dependent acquisition in
positive and negative ionization modes to comprehensively obtain the fragmentation pattern of bretazenil and its
metabolites. Data mining was performed using Thermofisher Compound Discoverer (v. 3.1.1.12) to aid in annotat-
ing predicted and unpredicted metabolites in a targeted and untargeted workflow, respectively.

Results & Discussion: In silico prediction yielded eighteen and four metabolites from GLORYx and Biotransformer
(v. 3.0), respectively, the main reactions being aromatic hydroxylation and further O-glucuronidation, sulfation, or
methylation. After 3 h incubation with hepatocytes, eight metabolites were detected, mostly comprising hydroxyl-
ation at the pyrrolidine ring, but also with hydroxylation at the tert-butyl chain and the bromophenyl ring, reduc-
tion, carboxylation, glucuronidation, and cysteine conjugation. Similar metabolites with comparable intensity were
identified in postmortem urine and blood, although the metabolite formed through hydroxylation at the pyrroli-
dine ring and reduction was preponderant (fifth most intense metabolite in vitro). Additional minor metabolites
comprising glucuronidation or sulfation were detected in urine. The main metabolites in the authentic urine sam-
ple showed an intensity 5 to 10 times higher than that of bretazenil, but the parent compound was predominant in
blood. Enzymatic hydrolysis did not significantly increase the signal of non-conjugated urinary metabolites.
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Conclusion: The NPS market is constantly changing and presents new challenges for clinicians as well as forensic
laboratories, thus identifying sensitive and specific markers of consumption is imperative. In this study, we com-
prehensively characterized the metabolism of the designer benzodiazepine bretazenil usingin silico prediction
toolkits, incubation with cryopreserved hepatic cell lines, and authentic urine and blood from a postmortem intox-
ication case. We propose the parent compound and the two most intense metabolites formed through pyrrolidine
hydroxylation and a combination of pyrrolidine hydroxylation and reduction as markers of consumption of breta-
zenil. Invitro metabolism studies accurately simulated human biotransformation as observed in authentic urine
and blood samples.

Development and optimization of compound identification scoring and data automation
in high-resolution mass spectrometry analysis

Maria Sarkisian'?, Megan C Farley', Luke N Rodda'-32
'San Francisco Office of the Chief Medical Examiner, San Francisco, USA. 2Oklahoma State University, Stillwater,
USA. 3University of California San Francisco, San Francisco, USA

Background & Aims: In the context of extensive toxicological drug screening, it is crucial to establish stringent
identification criteria to accurately detect all substances, including drugs of abuse, therapeutic agents, poisons,
and novel psychoactive substances. This becomes pivotal for laboratories regularly handling a growing volume

of medico-legal deaths, cases involving drug-facilitated crimes (DFC), and instances of drug-impaired driving
(DUID). The efficient processing of results is essential to substantially reduce the resources needed for generating
high-quality reports in forensic settings.

This study aimed to optimize data automation within instrument software to assist in data processing and repor-
ting of acquisition results from the High-Resolution Mass Spectrometry Analysis (HRMS) technique, Liquid Chro-
matography Quadrupole Time-of-Flight Mass Spectrometry (LC-QTOF-MS) with Sequential Window Acquisition of
All Theoretical Fragment lon Spectra (SWATH). The final objective was to determine the most efficient, sensitive,
and specific identification criterion and automation techniques at both the limits of detection and higher concen-
tration ranges of the targeted analytes.

Methods: To optimize the combined weight score (CWS) and qualitative data identification criteria, twelve master
mixes were prepared using reference materials in methanol. Each mix were spiked into blood and urine blanks at
four concentrations resulting in a total of 24 sample mixes, injected in duplicate. HRMS data were collected using
a QTOF in full-scan positive ion mode with SWATH acquisition. Full-scan data were collected at a resolution of
~30,000 (at m/z 300) and product ion data were collected at ~15,000. Data were analyzed using SCIEX OS software
and analyzed using laboratory generated flagging rules and custom calculations within the software. A CWS was
generated with weighted summation of these 4 parameters: mass score, retention time score, isotope pattern
score, and library score. Data matrix analysis was mirrored and modified by a previously published experimental
design of optimizing HRMS data analysis parameters. Based on the identification results, CWS were assessed for
rates of true positives (TP), false positives (FP), false negatives (FN) and true negatives (TN). The total number of TP,
FP, FN, TN were obtained and used to calculate efficiency, sensitivity and specificity for each set and threshold.
For applicability, the CWS was tested against 65 previously extracted authentic case samples in blood and urine.To
optimize custom columns and conditional look up tables, rigorous testing of previously acquired casework samples
was conducted. The processing method includes a "calculated columns" capability, employing Excel-style formulas
to create custom columns used to filter, parse, calculate and format data. Parsing of the data begins with various
lookups using the 'Sample ID' to determine the appropriate processing pathway and bracketing of quality controls.
The sections built and optimized included acceptability and flagging for the limit of detection, retention time,
relative retention time, quality controls, and internal standards. Additional flags were built for dilution consider-
ations, detector saturation, monitored components, and components requiring special interpretation. Previously
analyzed case samples were reprocessed to assess applicability.

Results & Discussion: Custom calculated columns including a total of 280 individual calculations were created by
our laboratory using the coding programming available within the new features of the software, and subsequently
divided into 18 sections with 51 subsections for organizational purposes. A total of 21 conditional lookup tables
were also built, along with custom flagging rules specific to qualitative flagging of QTOF data: mass error, reten-
tion time error, isotope pattern and library score. These criteria were weighed and combined to provide an overall
CWS. The CWS chosen resulted in a sensitivity of 87%, specificity of 97% and efficiency of 97%.

Although HRMS based technologies have made their way into forensic toxicology testing regimes, use of the tech-
nique is relatively novel and largely limited to screening, with other tandem-based technologies used as confir-
mation. The extensive data generated by HRMS techniques constrains their routine adoption in forensic testing.
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Therefore, the development and optimization of data analysis parameters were essential during a multi-phase
HRMS validation project aimed at developing a comprehensive and efficient method that can be used for both
screening and confirmation. The use of custom calculations, flagging rules and conditional lookup functions has
automated data processing systematically, and minimized transcription error, human error, and improves efficiency.

Conclusion: This study showed that although efficient data interpretation in the context of SWATH acquisition
poses a considerable challenge due to its untargeted approach that subsequently results in the generation of
exceptionally large data files, efficient data processing and automation for routine testing using SWATH is feasible.
Such data processing workflows can be adopted by other laboratories facing similar challenges.

Postmortem metabolomics and the application of machine-learning to predict
postmortem interval

Liam J. Ward'?, Jenny Arpe?®, Carl Soderberg', Albert EImsjo', Rasmus Magnusson3, William Lovfors3,

Fredrik C. Kugelberg'?, Elin Nyman?®, Henrik Gréen'?

'Department of Forensic Genetics and Forensic Toxicology, National Board of Forensic Medicine, Linképing, Swe-
den. ?Department of Biomedical and Clinical Sciences, Linképing University, Linképing, Sweden. 3Department of
Biomedical Engineering, Linkdping University, Linkoping, Sweden

Background & Aims: Determining the postmortem interval (PMI) is critical in forensic investigations yet remains
challenging due to diverse factors influencing postmortem changes. This study aims to leverage advanced analyti-
cal techniques, utilising high-resolution mass spectrometry (HRMS), and employ machine-learning algorithms to
evaluate the potential of using postmortem metabolomics to predict PMI.

Methods: A pilot study analysed 4282 postmortem cases from July 2017 and November 2020, originating from five
major cause-of-death groups. The inclusion criteria on PM| was either a confirmed death date or an estimated
death date with < 48-hour deviation between "body found" and "last seen alive". HRMS data was retrospectively
collected from our database of femoral blood toxicological screening were retrospectively collected. Principal
component analyses (PCA) identified trends and outliers. Machine-learning models were used, with both random
forest (RF) and artificial neural network (ANN), with data were divided into a training set (80%), test set (10%), and
validation set (10%). Statistical modelling was performed in R and Python. An expansion of this study is planned to
include 7429 cases from a more heterogenous cohort, with no specified cause-of-death criteria.

Results & Discussion: Here we present the preliminary results of the pilot study. PCA modelling revealed trends in
feature differences with increasing PMI. Current PMI predictions for RF resulted in a mean absolute error (MAE) =
1.9 days with an R? = 0.39, and ANN resulted in a MAE = 1.4 days with an R? = 0.67. The ANN model was optimised by
selecting the top 200 chromatographic features using feature selection via correlation and mutual information for
linear and non-linear relationships, respectively. The optimised ANN model resulted in a MAE = 1.4 days with an in-
crease in R?=0.70. Further optimisation will be conducted prior final modelling with the validation set. At present,
ANN shows the most promise with greater R?values and lower error margins, when compared to RF. These will be
further evaluated with testing in the validation set. In addition, the models with be applied to the larger cohort of
7429 cases.

In Sweden, routine toxicological screening is conducted on all forensic autopsies at the central laboratory located
at the Department of Forensic Genetics and Forensic Toxicology. This provides a substantial database of HRMS
data, readily accessible for reuse in postmortem metabolomics investigations. One limitation to note is that the
metabolome coverage is limited to analytical window of the routine toxicological method, rather than a method
optimised specifically for metabolomics. Nevertheless, the key strength of using this database is that it eliminates
the need for reanalysis and presents future opportunities for easier implementation into routine procedures.

Conclusion: Accurately predicting PMI is a highly sought-after question within forensic medicine. This study high-
lights the potential of postmortem metabolomics and machine-learning techniques in predicting PMI. Preliminary
results, particularly with ANN, show promise, and with further optimisation and evaluation in a larger cohort we
hope to improve predictive accuracy.

Data analysis workflows utilizing SQL for UHPLC-orbitrap and ion trap MS data in
untargeted metabolomics

Pia Johansson Heinsvig', Christian Brinch Mollerup', Marie Mardal'?
'Department of Forensic Medicine, Section for Forensic Chemistry, Copenhagen, Denmark. 2Department of Phar-
macy, the Arctic University of Norway, Tromsa, Norway
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Background & Aims: Liquid-chromatography-high-resolution mass spectrometry (LC-HRMS) is a powerful tool
used for comprehensive screening of complex samples, encompassing compounds with diverse physiochemical
characteristics. It is therefore an ideal choice for untargeted screening across various domains, including metabo-
lomics for the discovery of new biomarkers. Traditional untargeted metabolomic studies prioritize highly abundant
and frequently detected compounds. Full MS scans are acquired on individual samples since untargeted metabo-
lomics requires a high number of scans per peak for feature definition, with fragmentation data usually extracted
from pooled samples. However, this poses challenges in identifying exogenous features not consistently presentin
all or most samples.

With recent advancements in HRMS techniques, it is now possible to acquire fragmentation data for each sam-
ple without compromising the mandatory full MS scan frequency, thereby enhancing the likelihood of identifying
significant features. However, current data analysis workflows in metabolomics do not incorporate within-sample
fragmentation data for compound identification. Furthermore, the data analysis process in metabolomics typically
employs either vendor-specific or open-source software, that does not scale beyond a certain threshold of sam-
ples without implementing data reduction steps.

This study therefore aims to develop an SQL-based data analysis workflow for LC-HRMS data with multiple detec-
tors. This includes the development of /) open-source programming scripts to parse all relevant LC-(HR)MS data
layers directly from vendor files to an SQL database, ii) basic LC-(HR)MS queries from the SQL database, including
extracted ion chromatograms, MS/MS spectral comparisons, and grouping of MS/MS spectra. In addition, iii) MS/MS
spectra from an orbitrap and ion trap detector, with identical collision settings are compared.

Methods: The data used in this study originated from a UHPLC-HRMS setup employing two chromatographies spe-
cifically developed for analyzing serum samples in untargeted metabolomics studies. The ID-X instrument (Thermo
Fisher Scientific) utilized in this setup includes both an orbitrap and a dual-pressure ion trap. This configuration
makes it possible in the metabolomics data acquisition workflow for each sample to be analyzed by full MS in the
orbitrap, and MS/MS spectra are acquired at batch-level in the orbitrap. In addition, the ion trap is used for the
acquisition of quick data-dependent MS/MS spectra in each sample while the orbitrap is performing full MS.

The open-source programming language Python in combination with the vendor direct-link library MSFileReader
were used to access the data files. Selected information from the data files was parsed to an SQL database, and
data was subsequently queried from this database. Vendor software (Freestyle, Thermo Fisher Scientific) was used
to assess the completeness of parsed information.

Results & Discussion: A Python script was developed to extract selected information from RAW files acquired

on serum samples using the ID-X instrument, utilizing commands specified in MSFileReader. This script directly
parsed mass spectral data from the RAW files to a SQL database. The included information is mass, intensity, scan
number, MS level, detector, retention time, precursor ion, file name, batch-related information, and selected mass
spectrometer settings. The first three items listed were stored in one table, while the others were stored in an-
other, linked by scan number and data file-related information for each sample. These tables were used to create
an SQL database. Storing data in an SQL database allows for scalable retrospective data analysis, and fast access to
large amounts of historic data, without a reduction in the different data layers.

With the data stored in the SQL database, mean-shift clustering was applied to group MS/MS spectra from the
two mass detectors originating from the same precursor ion. Different approaches were tested to compare the
orbitrap and ion trap spectra. Generally, the orbitrap and ion trap data corresponded well, disregarding the mass
accuracy of the ions. The stored data allows tailored, multi-layered queries for ions in MS and MS/MS spectra,
which is particularly useful for retrospective data analysis of larger LC-HRMS data sets.

The final script is available on GitHub (https://github.com/Pjheinsvig/orbitrapDB) and can be utilized by others
with the same instrumental setup in their studies.

Conclusion: The study presents SQL-based data analysis workflows for LC-(HR)MS data from an untargeted metab-
olomics setup comprising orbitrap and ion trap data.

Our setup is well-suited for studies involving numerous data files, without the need for either data reduction or
datainflation. The presented data analysis workflows are designed for untargeted metabolomics, but can easily
be transferred for large-scale retrospective data analysis of forensic drug screening data from orbitrap-based
screening methods.
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Drug concentration prediction in forensic toxicology utilizing high-resolution QTOF tox
screening

Albert EImsjé’, Liam J. Ward', Carl Séderberg’, Fredrik C. Kugelberg?®, Henrik Gréen'?®

"Department of Forensic Genetics and Forensic Toxicology, National Board of Forensic Medicine, Linképing, Swe-
den. ?2Department of Forensic Genetics and Forensic Toxicology, National Board of Forensic Medicine, Linképing,
Switzerland. 3Division of Clinical Chemistry and Pharmacology, Department of Biomedical and Clinical Sciences,

Linképing University, Linképing, Sweden

Background & Aims: Forensic toxicology laboratories often use high-resolution mass spectrometry to screen for
drugs in postmortem samples. We investigate the potential of using spectral data to predict drug concentrations,
utilizing drug related features such as adducts, isotopes and metabolites. Our study aims to correlate spectral
information obtained from ultra-high-performance liquid chromatography-quadrupole time-of-flight mass spec-
trometry (UHPLC-QTOF) with quantitative results from UHPLC-QQQ, analyzing around 20,000 samples in order to
investigate trends and outliers.

Methods: UHPLC-QTOF data together with quantitative results from UHPLC-QQQ from ~ 20,000 postmortem
samples, are included in this study. QTOF data were processed using XCMS and correlated with drug concentrati-
ons using partial least square (PLS) analysis. Approximately 4/5 of the sample population were used to develop and
optimize the multivariate model while the remaining 1/5 were used as a validation set enabling a full validation of
the multivariate model. An extra 4000 prospective samples were used to test the model in a real setting.

Results & Discussion: PLS analysis was conducted on a subset of the sample population, encompassing 4,000 au-
topsy cases involving 7 analytes (acetaminophen, alimemazine, alprazolam, amphetamine, cocaine, oxycodone, and
pregabalin), revealing high predictive power and robustness. Strong correlations between known and predicted
concentrations (R2=0.70-0.99) were observed, and the correlation between predicted and observed concentra-
tions closely aligns with inclinations close to 1 (0.9-1.2). Validation samples exhibited predicted concentrations
within £ 50% of observed concentrations for 84-96% of cases, varying by drug. Notably, incorporating additional
features such as drug isotopes, adducts, and metabolites enhanced model performance. Samples with poor quality
such as coagulation or lipemia showed greater differentiation between predicted and observed values. Further
evaluation will encompass a total of 21 analytes and 20,000 samples, with application to a larger prospective test
set comprising approximately 4,000 cases.

Conclusion: In conclusion, our study highlights the potential of using high resolution screening data for predicting
drug concentrations in forensic toxicology, which offers a rapid method for preliminary results and a possibility
for quality assurance. Further investigation with additional analytes and samples is ongoing, including testingon a
larger prospective dataset (~4,000 cases).

A metabolomics approach for CYP phenotyping: A proof-of-concept to use
enzyme-based study designs

Yannick Wartmann, Thomas Kraemer, Andrea E. Steuer
Department of Forensic Pharmacology and Toxicology, Zurich Institute of Forensic Medicine, University of Zurich,
Zurich, Switzerland

HR O-7

Background & Aims: Cytochrome P450 (CYP) enzymes are vital in phase 1 drug metabolism. While the importance
of these enzymes has been established, their inter-individual variation in activity remains a major challenge for
clinical and forensic interpretation. Currently, an individual's enzyme phenotype is determined by administering
established CYP probe substrates followed by determination of the pharmacokinetics of the metabolites - a stan-
dard that is unfeasible in forensic applications, especially postmortem. Finding endogenous biomarkers indicative
of a CYP phenotype, e.g., by metabolomics techniques, could solve this persisting issue. Tightly controlled human
in-vivo studies, e.g., administration of CYP-inhibiting or -inducing drugs, deliver the most promising samples to
screen for endogenous CYP biomarkers. However, ethical, legal, cost, and/or complexity issues limit the possibi-
lity of human drug administration studies. Hence, it is necessary to find alternative experimental methods. One
approach could be the use of human liver microsomes (HLM) or relevant isoenzymes that readily metabolize xe-
nobiotics. However, endogenous substrates (mixtures) need to be added to screen for unknown, endogenous CYP
biomarkers. Our approach aims to investigate whether complex matrices, such as blood, can be used as a source
of endogenous metabolites in enzymatic incubations. The primary aim was to establish that HLMs and isoenzymes
work as expected even with human matrix present in the assay. Analysis of exogenous and previously postulated
endogenous biomarkers for a particular CYP phenotype should be used to prove the approach's general potential
to identify CYP-related changes in endogenous compounds, prior to an untargeted search for potentially new CYP
activity biomarkers.
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Methods: Established HLM assay protocols were followed for all experiments. In brief, assays consisted of HLMs or
isoenzymes (2C19, 2Dé6, or 3A4), the CYP co-substrate NADPH (regeneration system: NADP+, G6P, G6PD), super-
oxide dismutase, and MgCl in phosphate buffer. Blood from EDTA tubes or a 50% mixture of blood and phosphate
buffer was added as an endogenous substrate mixture in addition to exogenous substrates (omeprazole, dextro-
methorphan, and midazolam for CYP2C19, CYP2Dé, and CYP3A4, respectively) if needed. Control samples without
endogenous substrates were prepared using phosphate buffer. Negative controls were prepared either by sub-
stituting HLM/isoenzymes or the regeneration mix with buffer. Incubations (n=5 per condition) were performed
at 37 °C for one hour. Afterward, 50 pyL of ice-cold ACN was added, and 50 pL of supernatant was transferred to

a conical vial after vortexing and centrifugation. All samples were analyzed using a scheduled MRM method (Sciex
QTrap 5500) targeting exogenous and endogenous CYP substrates and metabolites, and an untargeted metabo-
lomics method (Sciex TripleTOF 6600). Targeted data was processed using Multiquant, while untargeted data was
processed with MS-DIAL (4.9.2 and 5.2.2). Resulting peak areas were further evaluated using R.

Results & Discussion: Comparing targeted data of HLM assays containing buffer and dextromethorphan, midaz-
olam or omeprazole with those containing either 50% blood or blood only, showed slightly higher dextrorphan
formation when blood was present while OH-midazolam and 5-OH-omeprazole formation were similar (t-test,
p=0.001, p=0.286, p=0.942). A non-significant decrease in dextromethorphan could be observed while midazolam
and omeprazole decreased significantly after incubation (t-test, p=0.058, p=0.0001, p=0.002). These results indi-
cate that adding blood does not hinder enzyme performance. Considering previously postulated endogenous CYP
biomarkers, an increase of (11,12)-EET (postulated to be formed by CYP2C19 from arachidonic acid) in HLM assays
could be observed, while it was not present in negative controls. Additionally, a non-significant decrease of de-
oxycholic acid and cortisol (postulated endogenous substrates of CYP3A4) was found in the respective isoenzyme
assays. Thisisin line with the literature and indicates that our assay does mimic in-vivo conditions. While serotonin
(postulated biomarker formed by CYP2D6 from 5-methoxytryptamine) has been readily detected in all our assays,
5-methoxytryptamine was not observed. By evaluation of the untargeted data, we were able to establish a list of
313(2C19), 35(2D6), and 22 (3A4) mostly unknown features, which exhibit a significant difference between the CYP
incubations and both negative conditions but no significant difference between both negative conditions, setting
them up to be potential biomarkers for their corresponding CYP enzymes. Omeprazole/OH-omeprazole, dextro-
methorphan/dextrorphan, and OH-midazolam were tentatively identified among those features. These findings
further indicate the suitability of our approach to screen for endogenous CYP phenotype biomarkers and provide
the basis for follow-up studies to identify such biomarkers.

Conclusion: We were able to show that standard HLM and isoenzyme assays still perform as expected with the
addition of human blood as a source of numerous endogenous metabolites. With our experiments we were able to
show increases/decreases of classical substrates/metabolites as well as the emergence of newly formed endog-
enous biomarkers previously postulated. It is possible to find significantly altered features in our experiment data
using an untargeted metabolomics approach, hinting towards potentially new biomarkers for CYP phenotyping.
There is a need for further research into these approaches as well as suitable strategies for comparison with and
confirmation of in-vivo results.

Scientific Session 2 - Novel psychoactive
substances |
10:30 - 12:30 Tuesday, 3@ September, 2024

Chair: Matthew Hosking, Carmen Jurado

Update from the EU Early Warning System on new psychoactive substances

Joanna De Morais, Michael Evans-Brown, Rachel Christie, Rita Jorge, Gregorio Planchuelo, Katarzyna Berkowicz,
Thomas Nefau, Ana Gallegos, Roumen Sedefov
European Union Drug Agency, Lisbon, Portugal

Background & Aims: A large number of new substances have appeared in Europe over the last 25 years, with new
compounds continuing to be detected each year. Operated by the EU Drug Agency (EMCDDA), the European Union
Early Warning System (EU EWS) on New Psychoactive Substances (NPS) has provided early warning and strengthe-
ned preparedness and response to public health threats caused by new drugs since 1997.

Methods: The EU EWS allows Europe to rapidly detect, assess, and respond to public health threats linked to NPS.
Data collected and analysed include event-based data on seizures by law enforcement, collected samples submitted
to drug-checking services and serious adverse events linked to NPS. These data are complemented by annual reports,
which include aggregated data on seizures and biological samples, including those associated with poisonings.
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Results & Discussion: At the end of 2023, the EMCDDA was monitoring around 960 NPS. The number of substances
in circulation remains high, with approximately 400 previously reported NPS detected in 2022. While some are sei-
zed in small amounts and infrequently, some appeared to have gained a foothold on the market. In 2022, a record
30.7 tonnes of NPS were seized by EU Member States. This increase has been driven by a large increase in seizures
of synthetic cathinones, in particular 3-CMC. Despite this, there are possible signs that the number of new NPS
entering the market may be slowing. While an average of 50 new NPS were reported each year between 2016 and
2022, this fell by 50 % in 2023, to 26. Legislative controls in Europe and non-EU source countries appear to have
contributed to areduction in the number of new derivatives of some drugs, such as fentanyl. Nevertheless, drug
producers continue to create new substances to avoid legal controls. Following the steep decline in fentanyl deri-
vatives appearing in Europe since 2018, the equally potent nitazene opioids have replaced them. Since 2022, there
has been an increase in reports of nitazene opioid detections and poisonings in parts of Europe, and particularly

in Estonia and Latvia. In addition, in 2023, three localised outbreaks of poisonings caused by nitazenes mis-sold

as heroin were reported by France and Ireland. The data also suggests a possible increase in the detection of fake
medicines containing nitazene opioids. The developments in the nitazene market are occurring in the context of
recent signals of other possible changes to the opioid market in Europe such as the emergence of 'trang-dope' and
'benzo-dope'. New threats continue to emerge: alongside hemp adulterated with synthetic cannabinoids over the
past few years, semi-synthetic cannabinoids (e.g. hexahydrocannabinol, HHC) have emerged on the EU market in
the last few years. They appear to be made from naturally occurring cannabinoids, such as CBD, and are sold openly
in a broad range of consumer product forms. These include vapes and edibles that may be particularly attractive to
young people.

Conclusion: Currently, the NPS market is characterised by complexity and increased integration with the mar-
ket for established controlled drugs The market is globalized, resilient, and highly dynamic making it difficult to
disrupt. Nonetheless, the situation across Europe often differs greatly, with the threats in any one area shaped by
global and local factors. Forensic and toxicological information sources are critically important for but there re-
mains a need for investment in forensic, analytical and toxicological capacity. There is a need to continue to build,
maintain, and strengthen early warning systems to support preparedness and timely response to emerging public
health and social threats. The EU EWS plays a central role in supporting national- and EU-level preparedness and
responses to NPS.

Current state and recent advances of HighResNPS for suspect screening of new
psychoactive substances

Daniel Pasin', Peter Stockham?
"HighResNPS, The International Association of Forensic Toxicologists (TIAFT), Colorado Springs, USA. 2Forensic Sci-
ence SA, Adelaide, Australia

Background & Aims: HighResNPS (highresnps.com) is an online crowd-sourced mass spectral (MS) database for
new psychoactive substances (NPS). It was developed by the Section of Forensic Chemistry at the University of
Copenhagen who maintained this resource until its transfer to TIAFT in October 2023. It is now overseen by the NPS
Committee. The aim of this presentation is to provide the TIAFT membership an update on the current state and
future prospects of HighResNPS.

Methods: The HighResNPS database was developed using the ASP.NET web framework and operates off a central
table which contains all entries in the database. Users can contribute to this database either manually through the
web interface, or by importing their compounds using the Microsoft Excel template provided. The entire database
is also provided as a Consensus library which reduces the database to only one entry per unique compound. This
entry contains the product ions that were observed for that compound across all entries and are scored based on
their frequency. The Consensus library is then made available for download in 7 formats compatible with software
from different vendors. Deep learning, through the use of different algorithms, were developed to improve the
suspect screening capabilities of the database including retention time prediction, MS/MS spectral prediction and
prophetic NPS structure determination.

Results & Discussion: As of April 2024, HighResNPS has a total of 6,702 entries corresponding to 2,330 unique
compounds, mostly comprised of NPS and their metabolites. Product ion data is available for 1,666 compounds.
HighResNPS has continued to show steady growth in users, with a total of 420 users from 47 countries (compared
to 129 users at the start of 2020). Membership comprises mainly forensic toxicology laboratories, but also waste-
water-based epidemiology, customs and illicit drug analysis laboratories. The retention time prediction model
and associated personalised databases are active for 24 user methods. This feature allows these laboratories to
apply HighResNPS in suspect screening contexts more efficiently and has facilitated the detection of NPS outside
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routine targeted testing. The utility of HighResNPS to the scientific community is evidenced by the metrics of the
originating article by Mardal et al, which has over 65 citations since 2019. Forty of these have been since 2022,
with a Field Citation Ratio of 7.5 (i.e. cited 7.5 times more than the average article in its field). HighResNPS has
collaborated with leading researchers in the field of artificial intelligence. Firstly, the generative model, DarkNPS,
was able to generate a library of over 8 million structures, with many compounds of the top predicted compounds
appearing on the market. Secondly, a web server was developed to give users a graphical user interface for the MS/
MS prediction model, NPS-MS (nps-ms.ca), providing a means for users to predict MS/MS spectra at 10, 20 and

40 eV. Strategies to incorporate these initiatives into the HighResNPS database are being investigated. Recent
measures to enhance user experience and to facilitate membership administration include use of MailChimp, a
Slack workspace for member communication and a shared Google Drive for files that cannot be stored within the
database website itself.

Conclusion: HighResNPS continues to be a premier resource for the detection of NPS in suspect screening
contexts. The development of artificial intelligence-driven projects has considerably reduced the financial and
temporal costs at maintaining an ever-increasing scope for NPS. Strategies to facilitate interaction with the TIAFT
NPS committee and TIAFT members are in development. The successful transfer of HighResNPS ownership and
running costs from the University of Copenhagen to TIAFT secures the future of this valuable resource for the TIAFT
community and other NPS-related fields into the future.

Changing trends in synthetic cannabinoid receptor agonist (SCRA) use in Scottish prisons:
detection, prevalence and modes of use

Victoria Marland!', Caitlyn Norman?, Robert Reid', Craig McKenzie3, Herve Menard', Anne Coxon', Niamh Nic Daeid’

'Leverhulme Research Centre for Forensic Science, University of Dundee, Dundee, United Kingdom. 2Department of
Biomedical and Clinical Science, Division of Clinical Chemistry and Pharmacology, Linképing University, Linképing,

Sweden. 3Chiron AS, Trondheim, Norway

Background & Aims: Synthetic Cannabinoid Receptor Agonists (SCRAs) are one of the largest groups of New Psy-
choactive Substances (NPS) and they have been widely detected in toxicology casework and drug seizures. SCRAs
have been routinely encountered in samples seized as part of the Scottish Prisons Non-Judicial Drug Seizure
Monitoring Project, operating since 2019. Recent studies have highlighted increased levels of complex polydrug
use within Scottish prisons particularly in relation to benzodiazepines, which have been detected alongside SCRAs
infused into paper and card.

In December 2021, the Scottish prisons introduced a policy for photocopying all incoming items of mail to counter
the smuggling of drugs via this route. Within this study, the effects of these procedural changes on the prevalence
of different SCRA sample formats are considered. Additionally, this study assessed the impact of recent interna-
tional legislative changes on the SCRAs being detected and the impact of the availability of precursors and labora-
tory equipment, synthesis instructions or 'semi-finished SCRA kits' from online SCRA vendors on the prevalence of
individual SCRA-type compounds.

Methods: Non-attributable samples seized by the Scottish Prison Service (SPS) were analysed as part of an ongoing
drug seizure monitoring project. The items were recovered during person or cell searches or following detection
of the possible presence of a controlled substance during the screening of incoming items (mostly mail) by prison
staff using lon Mobility Spectrometry (IMS). All samples considered suitable for analysis were anonymized by SPS
staff and transferred to the Home Office licensed drug testing laboratory at the Leverhulme Research Centre for
Forensic Science (LRCFS) at the University of Dundee, Scotland for analysis.

Qualitative analysis was performed using a 7820A gas chromatograph coupled to a 5977E mass spectrometer
(Agilent technologies, Santa Clara, CA, USA). Injection mode: 1mL sample injection and 20:1 split, injection port
temperature: 200°C, carrier gas: He, flow: 1 mL/min. Column: HP-5MS, 0.33 mm, 0.2 mm x 25 m (Agilent Technolo-
gies). GC oven: 80°C held for 3 minutes; 40°C/min to 300°C held for 11 minutes; transfer line of 295°C. The mass
spectrometer is operated in electron ionization (El) mode. lonization conditions: 70eV in full scan mode (50-550
amu), ion source: 230°C, quadrupole: 150°C. Compound identification by gas chromatography mass spectrometry
(GC-MS) was carried out by comparison of the compound retention times and mass spectra in seized samples to a
reference standard of known origin.

Results & Discussion: Since 2019 the Scottish Prisons Non-Judicial Drug Seizure Monitoring Project has analysed
4304 samples from 3220 seizures, of which 1143 (26.6%) tested positive for one or more SCRAs. From 2019 to
2021, infused paper or card accounted for over 95% of all samples containing SCRAs; however, the implementation
of mail photocopying procedures in the Scottish prisons in December 2021 led to a rapid decrease in detections
of SCRAs in this format and a subsequent detection of SCRAs in powders, tablets, and vape pods. In 2023, vape
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liquids/pods accounted for the majority of SCRA detections (45%) followed by tablets and powders (26%). Since
January 2023, there has been an increase in detections of waxy- or putty-like samples often visually consistent
with cannabis concentrates colloquially referred to as 'budder' or 'crumble'. However, only 17% of these samples
tested positive for THC, with 50% testing positive for SCRA compounds such as MDMB-4en-PINACA.

In addition to evolving SCRA formats, increased polydrug detections including SCRAs were observed. In 2023,
SCRAs were detected alongside anabolic-androgenic steroids (e.g. oxymetholone), cathinones (e.g. dimethylpenty-
lone) and novel synthetic opioids (e.g. metonitazene) in 21% of samples compared to 1% of samples in 2019. Some
of these drugs are not usually associated with smoking/vaping, so their harms are not fully understood, resulting in
potential increased harm to individuals.

Furthermore, following the emergence of ADB-BUTINACA and the introduction of legislation by China in 2021 ban-
ning seven SCRA core structures, a decrease in the detection of MDMB-4en-PINACA in Scottish prison samples was
observed throughout 2022. Since early 2023, co-detections of MDMB-4en-PINACA and its precursor MDMB-IN-
ACA have increased. Research suggests that the online availability of 'semi-finished SCRA kits' and instructions for
the conversion of the 'semi-finished SCRA' compounds not covered by the Chinese ban (e.g., MDMB-INACA) into
the desired controlled compound (e.g., MDMB-4en-PINACA), are likely to be responsible for this re-emergence

Conclusion: Following the implementation of mail photocopying in Scottish prisons, sample types in which SCRAs
have been detected have diversified. In addition, this study has identified increased hazards associated with po-
lydrug use, in particular from the vaping of substances not usually inhaled alone or with SCRAs (e.g., anabolic-an-
drogenic steroids/cathinones/benzodiazepines). Furthermore, the online availability of 'semi-finished SCRA kits'
has been identified as a potential source of the re-emergence of compounds such as MDMB-4en-PINACA to the
Scottish prison market. Increased understanding of the changing drug market and the challenges of SCRA use helps
inform strategies to reduce supply and mitigate harm.

Epidemiology of new psychoactive substances in relation to traditional drugs of abuse in
clinical oral fluid samples collected in Sweden

Magnus AB Axelsson'?, Hanna Lévgren?, Robert Kronstrand3#, Henrik Gréen®*, Moa Andresen Bergstrém'-2
'Department of Laboratory Medicine, Institute of Biomedicine, Sahlgrenska Academy, University of Gothenburg,
Goteborg, Sweden. 2Laboratory of Clinical Chemistry, Sahlgrenska University Hospital, Géteborg, Sweden. *Division
of Clinical Chemistry and Pharmacology, Department of Biomedical and Clinical Sciences, Faculty of Medicine,
Linképing University, Linképing, Sweden. *Department of Forensic Genetics and Forensic Toxicology, National
Board of Forensic Medicine, Linkdping, Sweden

Background & Aims: New psychoactive substances (NPS) are life-threatening due to their unpredictable potency
and toxicity. Knowledge about NPS epidemiology, especially in relation to traditional drugs of abuse, could there-
fore be lifesaving. The aim of this study was to generate new epidemiological insights into the consumer profiles of
NPS-users in order to provide guidance in clinical situations.

Methods: Using retrospective investigation of liquid chromatography-high resolution mass spectrometry data, the
presence of 138 NPS were retrospectively determined in 34,183 clinical oral fluid samples from 9468 patients from
psychiatric and addiction care clinics in Western Sweden collected between 2019-2020. The NPS investigated
included the majority of those reported by the European early warning system during 2019-2020 as well as older
NPS that have remained in popularity. The correlation between NPS use and patient characteristics (e.g. age and
gender), as well as NPS use (including number of different NPS used) and traditional drugs was investigated. Sta-
tistical analyses were performed using Fisher's exact test for contingency tables and Pearson correlation test for
comparison of scale data between groups. Significance levels were adjusted for mass testing using the Bonferroni
correction.

Results & Discussion: Fifty-eight different NPS were identified which amounted to a total of 618 findings. 2.1 % of
the patients were positive for an NPS at at least one occasion. Male gender and age >25 years correlated positively
with NPS use with p-values of 1.6 x 10'2and 6.9 x 107, respectively (Fisher's Exact Test with a significance level of
1.8 x 103 corresponding to p<0.05). There was a general association between co-use of traditional DoA and NPS

(an average of 3.0 traditional DoA in samples positive for NPS compared to 1.5 traditional DoA in samples negative
for NPS; p = 1.8 x 10°%2, Pearson correlation test). Hence, only samples positive for traditional DoA were included in
statistical analyses comparing correlations between NPS and individual traditional DoA. Several traditional drugs
correlated positively with NPS use, including ketamine, cannabis, heroin, alprazolam, cocaine, MDMA, ketamine,
methadone and clonazepam. Ketamine correlated positively with all NPS classes except for cannabinoid NPS and of
all the ketamine positive samples, 14% contained NPS. Mitragynine, unlike other NPS, had a negative correlation with
several traditional drugs. Use of cannabinoid NPS correlated with the lowest number of classes of traditional DoA.
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Conclusion: NPS use should be expected also at higher ages but generally occur at a low frequency. NPS are com-
monly combined with traditional drugs which can increase the risk for severe adverse effects. Particularly use of
ketamine stands out as an indicator for NPS use. Correlating the use of NPS with traditional drugs show specific
patterns of use that reflect the drug specific behaviour of the patients.

Harm caused by metonitazene in New Zealand during 2022 and 2023

Diana Kappatos', Olivia Johnson?, Sarah Russell’, Jessica Baker’, Lucy Stiles®, Mathew Hosking'

'Institute of Environmental Science and Research Limited (ESR), Porirua, New Zealand. ?Institute of Environmental
Science and Research Limited (ESR), Auckland, New Zealand. *Drug Information and Alerts Aotearoa New Zealand
(DIANZ), Wellington, New Zealand

Background & Aims: ESR undertakes "Border to Grave" drugs analysis for New Zealand. Analyses are undertaken
on seizures from airports, mail centres, drug checking organisations (these are publicly funded legal organisations
that allow people who use drugs to have their substances checked), as well as domestic drug seizures (New Zea-
land Police and Customs). ESR also undertakes analyses of biological samples associated with drug related deaths
(coronial cases) and crimes as well as impaired drivers. The data generated from all these sources are combined to
provide information of what drugs are entering New Zealand and what drugs are causing harm, where and when.
This information assists High Alert, New Zealand's Drug Early Warning system, to provide information to the public
to help reduce harm in communities, as well as issuing alerts and notifications for particularly dangerous or conta-
minated drugs.

In October 2022 metonitazene was first detected in New Zealand in a yellow powder associated with a death. With-
in a week of this death, High Alert issued a notification to interested organisations as well as public health author-
ities and people who use drugs that metonitazene was found in NZ in a yellow powder. Metonitazene is a derivative
of benzimidazole opioids and was first reported internationally in a seized drug powder in July 2020 and has since
shown to cause harm and is of public health concern.

Methods: Seizures from the Auckland airport and mail centre are analysed by QuickProbe Gas Chromatography -
Mass Spectrometry (GCMS) and/or GCMS with comparison to a library database. Seized drugs and drugs from drug
checking organisations are analysed by GCMS at ESR also with comparison to a library database.

Drugs in biological samples are screened by liquid chromatography with time of-flight tandem mass spectromet-
ric detection (LC-TOFMS) and quantified by liquid chromatography with tandem mass spectrometric detection
(LC-MSMS). The quantitation of the blood was undertaken by using a modified Quechers method for the extraction,
appropriate metonitazene reference material and using deuterated zopiclone as the internal standard. The quanti-
tation was undertaken using a Sciex 5560 LC-MSMS with a biphenyl column 50X2.1 millimetres with a 2.7 micrometre
particle size. Solvent used is 0.1% formic acid in water and methanol. The calibration curve ranged from 0.0002 to
0.05 milligrams per litre blood. Each case blood was analysed in triplicate.

Results & Discussion: Metonitazene was detected in seven coronial cases in New Zealand between October 2022
and October 2023. The decedents ages ranged from 18 to 53 years (mean: 29) and six were male.

The post-mortem metonitazene blood levels ranged from 0.002 to 0.01 milligrams per litre (mean: 0.004).

Yellow powder or yellow tablets were found associated with five of the seven deaths and each of the powders/tab-
lets contained metonitazene and no other drugs. No drug paraphernalia were found associated with the remaining
two deaths. During the timeframe of these deaths, most, but not all, of the seizures detected at our border or by
drug checking containing metonitazene were also yellow.

Other drugs and drug paraphernalia were also found associated with the five deceased. The drugs detected includ-
ed fluorexetamine, bromazolam, mephtetramine (MTTA), methamphetamine, dimethylpentylone, isonitazene/pro-
tonitazene, ketamine, MDMA and LSD. Many, but not all, of the drugs found at the scene were also detected in the
blood of the deceased. In addition, medicinal drugs were found in the blood of six of the seven cases.

In September 2023 High Alert issued a notification in New Zealand following a death and a number of serious hos-
pitalisations resulting from the use of fake oxycodone pills that contained metonitazene. These tablets had been
sold on the dark web advertised as oxycodone tablets and had been presented to drug checking services presumed
to be oxycodone. Of note, no oxycodone was detected in the blood of the seven coronial cases where metonita-
zene was detected.

No metonitazene has been detected in a coronial case or in seizures found crossing our border or in our drug
checkingin New Zealand from November 2023 to March 2024.
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Conclusion: The information gathered that provided evidence to the community of the harm metotinazene was
causing in New Zealand was gathered from different organisations throughout New Zealand working together
cohesively and in a timely manner. These organisations include ESR, enforcement agencies (Police, Customs), drug
testing agencies (KnowYourStuffNZ, Drug Foundation, Needle Exchange), health agencies (hospital emergency de-
partments and first responders) and community services.

Continued Information sharing of drug use and harm in the community is crucial in identifying new and emerging
drugs to enable drug harm reduction strategies to be developed.

Chemical analysis of recreational products containing semi-synthetic cannabinoids in
Germany

Benedikt Pulver', Benjamin Schmitz', Simon D. Brandt?, Volker Auwérter!

'Institute of Forensic Medicine, Medical Center - University of Freiburg, Faculty of Medicine, University of Freiburg,
Freiburg, Germany. ?School of Pharmacy and Biomolecular Sciences, Liverpool John Moores University, Liverpool,
United Kingdom

Background & Aims: There is a continuous demand for legal alternatives to controlled psychoactive substances, in-
cluding cannabimimetic drugs. Since the first identification of hexahydrocannabinol (HHC) in Europe in May 2022,
semi-synthetic cannabinoids (SSC) increased in popularity and variety. In Germany, HHC and its derivatives are not
subject to the Narcotics Act (BtMG) or the Act on New Psychoactive Substances (NpSG). Thus, within a short period
of time, avariety of products such as hash, vape pens, concentrates, flowers, and edibles have been made available
in retail shops and online stores, declaring the main active ingredients HHC and its structural analogs hexahydro-
cannabinol acetate (HHCO), hexahydrocannabiphorol (HHCP) as well as CBD and tetrahydrocannabidiol (H4CBD).
The quality and content of these products is not regulated and differences in the advertised and actual content as
well as the presence of impurities, e.g. from synthesis, can be expected. The presented work aimed to characterize
SSC products available in Germany to determine the major, minor and trace chemical components.

Methods: Starting in June 2023, regular test-purchases (n=42) were made in online and local stores for six months.
The commercially available SSC products were analyzed by GC-EI-MS to screen for the main active ingredients as
well as other components. Subsequently, quantitative analysis for HHC was performed using GC-MS/MS and testing
for the presence of heavy metals was performed by applying ICP-OES.

Results & Discussion: In 86% of products advertised to contain HHC (HHC-products, n=14), HHC was the main
ingredient. HHC concentrates containing phytocannabinoids and beta-caryophyllene point towards the semi-syn-
thetic production from plant-extracted CBD. Surprisingly, minor amounts of tetrahydrocannabiphorol and A?-THC
were identified in an HHC-product as the main psychoactive components.

In 90% of HACBD-products (n=10), the H4CBD was the analytically confirmed main compound. Notably, one va-
porizer cartridge contained HHC instead of the advertised H4CBD and HHCO, whereas another sample contained
significant amounts of HHCO while lacking a corresponding declaration.

Only one HHCP-product contained mostly HHCP, while in a second, only a small amount of HHCP was combined
with HHC as the main constituent. Similar to HHCP, most HHCO products contained only small amounts of the
advertised content. Notably, A°-THC was identified in HHCO- and HHCP-products more frequently, potentially
to mask the lack of the advertised compounds. Hitherto unidentified components detected in HHCP- and HH-
CO-products may provide further insight into extraction routes and synthesis routes. Diastereomeric ratios of
SSCs widely varied in all products and are likely the result of different synthesis procedures.

Many of the unidentified impurities appear to be structurally related to phytocannabinoids or the SSCs present

as main component in the respective sample. The consistent association with certain SSCs indicates that they are
very likely synthesis byproducts. Besides triethyl citrate, 2-isopropyl-N,2,3-trimethylbutanamide, trioctanoin,
neither unexpected or potentially harmful chemicals nor elevated levels of heavy metals were detected during the
screening.

Conclusion: The screening of the SSC products revealed widely differing formulations and differences between
advertised and actual content. Although in some samples unidentified impurities were present, particularly harm-
ful chemicals or heavy metals were not detected. In 38% of cases, the advertised contents of SSC products were
not reliably declared. HHCP and HHCO products were found to be mislabeled very frequently (86%), while H4CBD
and HHC samples were more likely to contain the advertised compounds (92%). Wrong declaration might result in
unexpectedly strong psychoactive effects and adverse events.
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Hemp-derived or semisynthetic cannabinoids: pharmacology of isomers and how it
matters for the harm potential of seized drugs

Liesl K. Janssens', Katleen Van Uytfanghe’, Jeffrey Williams?, Kirk W. Hering?, Donna M. lula?, Christophe P. Stove'
'Ghent University, Ghent, Belgium. 2Cayman Chemical Company, Ann Arbor, USA

Background & Aims: The introduction of the 'Farm Bill' (2018) in the US, differentiating hemp (containing 0.3% A9~
THC or less, on a dry weight basis) from marijuana, created what is called 'a legal loophole' in the cannabis industry.
Recultivation of industrial low-THC hemp created an oversupply of CBD-rich products, which was then used as
starting material to diversify the markets by producing '"hemp-compliant' THC-analogs. These analogs include A8-
THC, THC-homologs, hexahydrocannabinol (HHC) and other semisynthetic cannabinoids, that can be derived by
chemical conversion of hemp-products. This study aimed at gaining insight into the potential for abuse of puri-
fied forms of phytocannabinoids and semisynthetic cannabinoids, to allow prioritization of legislative efforts and
research endeavors for the monitoring of these compounds in control programs.

Methods: The potential for abuse was evaluated for a large panel (n=30) of THC-isomers, -homologs and -analogs,
that might possibly be derived with semisynthetic procedures. Therefore, this study focuses on the compounds'
potential to activate the CB1 receptor, relative to A9-THC, the primary psychoactive compound in cannabis. A
cell-based NanoBiT® (Promega) B-arrestin2 recruitment assay was used to assess the intrinsic receptor activation
potential of the CB1 receptor, which is the prime receptor responsible for the psychoactive effects of cannabis. In
addition, seized drug samples of HHC material (Belgium) were investigated with liquid chromatography coupled to
high resolution mass spectrometry (LC-HRMS) to assess the relative composition of different diastereomers and
the implications they have on biological activity.

Results & Discussion: THC-homologs with longer alkyl chain lengths (THCH, hexyl-tail; THCP, heptyl-tail; THC-CS8,
octyl-tail), together with THC-analogs HHC and hexahydrocannabiphorol (HHCP) and the THC-isomer exo-THC,
were identified as compounds with higher CB1 receptor activity than A9-THC, based on either potency (EC50) or
efficacy (Emax). Other THC-isomers showed lesser potential for CB1 activation, making them less prone to emerge
as semisynthetic cannabinoids on the recreational drug market. In general, the pharmacology of stereoisomers (S
versus R) was pronouncedly different, with one isomer showing higher CB1 activity than the other. This showed to
be important in seized HHC drug products that showed various relative compositions of 9(S)-HHC (21-47%) and
always contained more 9(R)-HHC, which was characterized as the epimer with the highest CB1 activity. Literature
reports that different epimeric compositions of HHC can be obtained through varying semisynthetic production
routes/conditions. Different batches of HHC material could be distinguished based on the epimeric composition,
which was consistent with the labeling of the different HHC-containing recipients. Bioactivity-wise, based on the
evaluation of different epimeric mixtures of reference standards of 9(R)- and 9(S)-HHC, a decreased relative ab-
undance of the 9(S)-epimer was empirically shown to lead to an increased potency of the epimeric mixture. Hence,
HHC material with increased 9(R)-HHC abundance is potentially more harmful.

Conclusion: Multiple derivatives of THC show higher intrinsic CB1 activation potential than A9-THC as the prima-
ry psychoactive constituent in cannabis. Some of these have already emerged on recreational drug markets (e.g.,
HHC, HHCP, THCP), others might be anticipated to share the same fate. Monitoring these semisynthetic cannabi-
noids is encouraged as the dosing (related to the potency studied here) and the relative composition of stereoiso-
mers is hypothesized to greatly impact the harm potential of these drugs, relative to A9-THC products. Additional-
ly, determination of the epimeric composition of drug products could be useful for batch identification.

Isomeric analysis of hexahydrocannabinol (HHC), hexahydrocannabihexol (HHCH),
and hexahydrocannabiphorol (HHCP) in products using LC-MS and supercritical fluid
chromatograph (SFC)-QTOF-MS

Ruri Kikura-Hanajiri, Maiko Kawamura, Sakumi Mizutani, Rie Tanaka, Genichiro Tsuji, Takashi Misawa, Hidetomo
Yokoo, Yosuke Demizu
National Institute of Health Sciences, Kanagawa, Japan

Background & Aims: In recent years, analogs of A’-tetrahydrocannabinol (A°-THC) have been widely distributed
worldwide through the Internet. Hexahydrocannabinol (HHC), synthesized from THC via reduction, was listed as a
Designated Substance under Japan's Pharmaceutical and Medical Device Act in March 2022. However, other hy-
drogenated cannabinoid analogs with varying alkyl side chain lengths at the C3 position of THC, such as hexahydro-
cannabihexol (HHCH) and hexahydrocannabiphorol (HHCP), have emerged. Several emergency cases were reported
in October 2023 owing to the ingestion of gummies containing HHCH in Japan. These compounds possess three
chiral carbons and are usually detected in products as mixtures of 9(R)- and 9(S)-epimers. This study evaluated the
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content ratios of 9(R)- and 9(S)-epimers of HHC, HHCH, and HHCP in products obtained via the internet through
LC-MS analysis. Additionally, chiral analysis of these compounds in the products was carried out using supercritical
fluid chromatograph (SFC)-QTOF-MS with a chiral column, and the steric structures were discussed in terms of
synthetic raw materials and methods.

Methods: Mixtures of the 9(R)- and 9(S)-epimers of HHC, HHCH and HHCP were synthetized by catalytic hydroge-
nation of A.-THC, A8-THCH, A°-THCH and A8-THCP using palladium carbon, respectively. Each epimer was purified
from the resulting mixtures and confirmed for structure and purity through NMR and LC-MS analyses. Twenty-eight
oil-like products (8 containing HHC, 10 containing HHCH, and 10 containing HHCP) obtained via the Internet in
2022 and 2023 were used for the analysis. For LC-MS analysis, acetonitrile was added to the products to achieve

a 1 mg/mL concentration, followed by sonication for 5 min and filtration. The extracts were also investigated for
chiral analysis using SFC-QTOF-MS. LC-MS coupled with a UV detector was performed under a gradient condition
of 0.1% formic acid and 0.1% formic acid/acetonitrile using an ACQUITY UPLC column BEH C18 (2.1 mmi.d. x 100
mm, 1.7 ym, Waters). The content ratio of 9(R)-/9(S)-epimers (R/S ratio) was calculated based on the peak area
ratio at UV 280 nm. SFC-QTOF-MS analysis was performed under a gradient condition of supercritical CO, and
modifier (10 mM ammonium acetate solution in ethanol, isopropanol, and acetonitrile in a 1:1:4 ratio) using a chiral
column Trefoil CEL2 (3.0 x 150 mm, 2.5 um, Waters).

Results & Discussion: In the LC-MS analysis, the R/S ratio of HHC epimers synthesized by reducing A8-THC was
0.7, while the R/S ratio of HHCH obtained from A8-THCH was 1.0, and that of HHCP obtained from A8-THCP was
0.6 under the synthetic conditions employed in this study. On the other hand, the R/S ratio of HHCH synthesized
by reducing A*-THCH was 0.2, indicating a prevalence of the 9(S)-epimer compared to HHCH derived from A8-
THCH, with a fivefold difference. Across all 28 products analyzed, both 9(R)- and 9(S)-hydrogenated THC analogs
were present, albeit in varying quantity ratios. Among the 8 products containing HHC, the R/S ratio was 0.9 -1.6,
demonstrating nearly equal proportions of 9(R)- and 9(S)-epimers. In contrast, among the 10 products containing
HHCH, the ratio was 0.8 - 9.4, with a tendency towards more 9(R)-epimers. The range was 0.4 - 5.0 for the 10 HH-
CP-containing products, indicating significant variation between products. In the SFC-QTOF-MS analysis using the
chiral column, both 9(R)- and 9(S)-HHCH were detected as racemates in five out of the ten products where HHCH
was present. However, enantiomers of the 9(R)- and 9(S)-epimers were not detected in any of the HHC and HHCP
products. The racemic compounds detected might have been synthesized through the condensation of the readily
available racemate of citronellal with 5-hexylcyclohexane-1,3-dione. Several potential routes for the synthesis of
hydrogenated THC analogs exist. For further discussion of the raw materials and synthesis methods of these com-
pounds, it is necessary to investigate the by-products detected in the products.

Conclusion: Variations in the content ratios of 9(R)- and 9(S)-epimers and the presence of enantiomers in these
products are likely attributed to differences in raw materials and synthetic methods. The results of this study will
provide valuable insights into the profiling of products distributed via the internet. In Japan, analogs of A%- and
A°-THC containing alkyl side chains from C3 to C8 (excluding C5), as well as hydrogenated THC analogs with alkyl
side chains ranging from C3 to C8, were comprehensively listed as Designated Substances under the Pharmaceuti-
cal and Medical Device Act in September 2023 and January 2024, respectively. However, even after they have been
regulated, novel THC analogs like acetoxy, methoxy, and hydroxy derivatives have been detected in various prod-
ucts, including food. The distribution of such food products raises concerns regarding potential health hazards
from the accidental ingestion of large quantities of the food products, especially among children. Continuous
monitoring of products containing these cannabinoids remains imperative.

Another new addition to the SCRA landscape: in vitro characterization of the functional
activity and metabolites of CHO-4'Me-5'Br-FUBOXPYRA

Marie H. Deventer’, Brianna N. Stang?, Claude Guillou®, Alex J. Krotulski?, Christophe P. Stove'
"Laboratory of Toxicology, Ghent University, Ghent, Belgium. ?The Center for Forensic Science Research and Educa-
tion, Horsham, USA. 3European Commision, Ispra, Italy

Background & Aims: CHO-4'Me-5'Br-FUBOXPYRA or CH-FUBBMPDORA has been one of the latest additions to the
recreational drug market, bypassing the Chinese generic ban (2021) on synthetic cannabinoid receptor agonists
(SCRAs) due to its new brominated and methylated oxopyridyl core. The substance has been detected and seized
inthe United States and several countries in Europe. To date, its pharmacological properties remain undefined.
Interestingly, structurally similar oxopyridine carboxamides with cannabinoid activity have been described in
literature before, which may have inspired the synthesis of the newly emerging SCRA. Furthermore, CHO-4'Me-
5'Br-FUBOXPYRA has not been found in biological samples, however it's unclear whether this is the result of low
prevalence or difficulty to detect the compound due to the generation of unknown metabolites and potential ab-
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sence of the parent compound. This study describes the pharmacological characterization of this new substance, a
structural analog found in literature, and a seized powder confirmed to contain CHO-4'Me-5'Br-FUBOXPYRA, and
investigates its metabolization profile.

Methods: The potency and efficacy of the substance, an analog and a seized powder were evaluated by means of
CB, and CB, Barr2 recruitment assays, based on functional complementation of a split nanoluciferase enzyme and
the measurement of bioluminescence. Metabolite studies were conducted via human liver microsome (HLM) incu-
bation and metabolites were identified using liquid chromatography coupled to a quadrupole time-of-flight mass
spectrometer (LC-QTOF-MS).

Results & Discussion: CHO-4'Me-5'Br-FUBOXPYRA showed a limited activation potential at both cannabinoid re-
ceptors. At CB,, we found a potency (EC, ) of 3782 nM and an efficacy of 21.8 %, relative to the E__ of the reference
SCRA CP55,940. At CB,, CHO-4'Me-5'Br-FUBOXPYRA had a potency of 4267 nM and a relative efficacy of 17.0 %.
The seized powder exhibited a pronounced increase in CB, activity with a maximal receptor of 351% (compared to
CP55,940) at the highest tested concentration of 50 uM. No accurate EC, value could be calculated as no plateau
in receptor activation was reached. These results are suggestive of the presence of a contaminant with higher CB,
activation potential (although analytical characterization had not revealed another compound). At CB,, the pow-
der showed a similar but slightly higher activation potential as the reference standard, with an EC_,of 6079 nM
and arelative E__ of 45.3%. Comparison with the analog described in literature, which carries a heptyl head group
instead of a hexyl moiety, revealed a very similar activation profile at both receptors. Invitro incubation with HLMs
led to the identification of four metabolites of CHO-4'Me-5'Br-FUBOXPYRA, which were all the result of an exten-
sive oxidation of the parent molecule, followed by hydroxylation of the cyclohexyl head group (3 metabolites) and
of the methyl function on the core (1 metabolite).

Conclusion: Given the dynamic nature of the SCRA market, characterization of newly emerging compounds re-
mains key to adequately inform health care providers and law enforcement agencies and to timely act to combat
the surge of more new substances. Overall, the newly emerged CHO-4'Me-5'Br-FUBOXPYRA showed a rather weak
to moderate cannabinoid activation potential, similar to its structural analog previously reported in literature.

On the other hand, different preparations may exhibit a much greater cannabinoid activity, as exemplified by the
investigated seized powder. This may potentially lead to more pronounced cannabinoid-related toxicity in users.
In addition, metabolite identification may facilitate the detection of the substance, allowing for a more accurate
monitoring of the use of this new SCRA.

Scientific Session 3 - New analytical approaches
14:00 - 16:00 Tuesday, 3 September, 2024
Chair: Christophe Stove, Andrea Steuer

Development of a multi-omics sample preparation workflow for comprehensive
Metabolomics, Lipidomics and Proteomics datasets using a single tissue sample

Lana Brockbals'?, Maiken Ueland'?, Shanlin Fu', Matthew P. Padula*

'Centre for Forensic Science, School of Mathematical and Physical Sciences, University of Technology Sydney,
Sydney, Australia. 2Department of Forensic Pharmacology and Toxicology, Institute of Legal Medicine, University of
Zurich, Zurich, Switzerland. *Hyphenated Mass Spectrometry Laboratory, School of Mathematical and Physical Sci-
ences, University of Technology Sydney, Sydney, Australia. “*School of Life Sciences, University of Technology Sydney,
Sydney, Australia

Background & Aims: In recent years, various new analytical approaches emerged that investigate the potential of
utilizing endogenous molecules to solve forensic toxicological challenges. This includes the search for biomarkers
for the indirect detection of xenobiotics/xenobiotic classes/new substances, longer windows of detection and
postmortem time-dependent concentration changes to name a few. Particularly metabolomics (small metabo-
lites), lipidomics (lipids) and most recently proteomics (peptides/proteins) approaches have been used. A fre-
quent problem is a very specialized sample preparation for the three different compound classes. Metabolomics/
lipidomics workflows often differ significantly from proteomics sample preparation approaches. In cases where

a comprehensive study of all endogenous molecules is intended, in the worst case, three different samples are
needed for three specialized extractions. This leads to issues with the comparability between samples (e.g. tissue
homogeneity, additional freeze-thaw cycles) and difficulties combining the multi-omics results for a biological in-
terpretation. Specifically in human time-dependent postmortem investigations, with repeated sample collections,
alimited sample amount (e.g. using biopsy samples) can pose additional problems. The aim of the current study
was to develop a multi-omics sample preparation workflow using a small single postmortem tissue sample that aids
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in comprehensive metabolomics, lipidomics and proteomics datasets. The focus was on parameters for optimal
sample homogenization and extraction across all -omics approaches.

Methods: Human postmortem muscle and liver tissue samples (ethics approval ETH18-2999) were used to eval-
uate different homogenization parameters (homogenization solvents (n=5), pulsing frequencies (n=5), sample
material-to-homogenization solvent ratios (n=4) and sample amounts (n=4)) and extraction parameters (extraction
solvents/mixtures (n=10)). The general sample preparation workflow included bead homogenization (3 mm zirconi-
um beads), followed by extraction and compound class specific analysis with liquid chromatography-tandem mass
spectrometry (LC-MS/MS)-based analytical methods as well as 1D-SDS polyacrylamide gel electrophoresis (PAGE)
and a bicinchoninic acid (BCA) protein assay. Suitability of homogenization parameters were assessed based on a
targeted evaluation of the Metabolomics data (microflow-LC-ion mobility separated qTOF analysis, data indepen-
dent acquisition; peak intensities and reproducibility of technical replicates) and based on the numbers/intensi-
ties of protein bands visible on the 1D SDS-PAGE gel (run on the protein fraction). The suitability of the extraction
solvents was assessed and ranked based on the following parameters: targeted and untargeted (number of fea-
tures, reproducibility of technical replicates, compound classes) evaluation of the Metabolomics and Lipidomics
dataset (high flow-LC-orbitrap analysis, data dependent acquisition), untargeted bottom-up Proteomics data (mi-
croflow-LC-ion mobility separated qTOF analysis; identification of peptides/proteins from the human proteome
and reproducibility between technical replicates), 1D SDS-PAGE (gels run on the protein- and metabolite fraction
of the extracts) and BCA assay results (protein quantification). A variety of software solutions were used for data
processing, including, Skyline (V23.1), MS-Dial (V4.9), Sirius (V5.8) and Progenesis Ql for proteomics. Statistical
evaluation was conducted in R (V4.3).

Results & Discussion: A methanol-to-water mixture (2:1, v/v) added in a 1:10 sample material-to-homogenization
solvent ratio was found to lead to the best Metabolomics and visual protein results. A 20 mg tissue sample was
found to be sufficient to result in comprehensive datasets, not significantly improved by the use of 40 mg tissue.
The use of such a small sample amount is ideal for studies with access to only limited sample amounts. Several puls-
ing frequencies were trialed. For practicality and to prevent sample degradation due to heat, 3x30 s was chosen
with a 1 min pause onice in between pulses. The comparison of the efficiency of different extraction solvents was
conducted on both 1- and 2-phase solvent mixtures. Commonly used extraction solvents for Proteomics studies
(e.g. methyl tert-butyl ether:water or dichloromethane:water mixtures), lead to significantly weaker or less repro-
ducible Metabolomics and Lipidomics results, compared to 1-phasic extraction solvents more commonly seen in
small molecule studies. A simple protein precipitation of the homogenized tissue samples with a methanol:acetone
mixture (9:1, v/v), overall, showed the best compromise with achieving comprehensive Metabolomics, Lipidomics
and Proteomics datasets.

Conclusion: In summary, a multi-omics sample preparation workflow was established that can lead to compre-
hensive targeted and untargeted Metabolomics, Lipidomics and Proteomics datasets from a single tissue sample
(20 mg), fitting into existing Metabolomics workflows. Optimal homogenization and extraction solvent parameters
were suggested with special emphasis on postmortem tissue samples. While this method can serve as a basis for
multi-omics studies in other matrices, the results would need to be confirmed. To counteract issues with the re-
producibility of Metabolomics/Lipidomics technical replicates based on the pure organic nature of the extracts, it
is recommended to use a separate vial for each technical replicate/injection (risk of evaporation through pierced
lids). The proposed multi-omics method has the great potential to expand future -omics studies in forensic
toxicology, leading to comprehensive Metabolomics, Lipidomics and Proteomics datasets using a single sample.
Additionally, it seems feasible to use the method for the detection of xenobiotics, potentially opening the door for
-omics results from routine case samples.

Acoustic ejection tandem mass spectrometry for high-throughput screening of
phencyclidine-type substances in urine, including authentic cases

Yan Shi, Ziyi Li, Wei Liu, Ping Xiang
Department of Forensic Toxicology, Academy of Forensic Science, Ministry of Justice, Shanghai, China

Background & Aims: Phencyclidine-type substances have fluctuated in the drug abuse market, from PCP to ket-
amine, and the abuse of phencyclidine-type substances has undoubtedly posed a great challenge to anti-drug
efforts around the world. Retrospective analysis can be used to analyze the past situation to determine the current
or future situation, and to target monitoring or control. However, the huge sample size would be time-consum-
ing. Therefore, in this study, we will construct a rapid screening method for 9 common phencyclidine-type sub-
stances based on urine relying on Echo-MS/MS, and the accuracy of the rapid screening method will be examined
by a validated UHPLC-MS/MS method.
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Methods: Target selection. Based on previous research on the abuse of phencyclidine analogs, we selected 9 sub-
stances that have appeared in prosecutions as targets: 2-FDCK, tiletamine, O-PCE, ketamine, DCK, nor2-FDCK,
2-BrDCK, 2-F-2-oxo-PCE, and norDCK.

Sample preparation. The urine was centrifuged for 5 min, and the supernatant was diluted 20-fold with water and
pipetted into a 384-well plate, which was then covered with a dust film. The plate was centrifuged for 5 min and
then shaken to obtain a flat concave surface.

Echo-MS/MS. The Echo-MS/MS system was a combination of an Echo® MS and APl 6500+ TRAP triple quadruple
linear ion trap mass spectrometer. A 20 nL volume was ejected and transported by the carrier solution (aceto-
nitrile/water, 70:30, v/v) into the mass spectrometer at a flow rate of 0.4 mL/min. The mass spectrometer was
operated in the positive electrospray ionization and MRM modes.

Method validation. Selectivity was investigated by testing different blank urine specimens from many drug-free
donors. A series of decreasing concentrations of drug-spiked urine was prepared (10, 5, 2.5, 1.25, 0.625, and
0.3125 ng/mL), and evaluated to determine the LOD. The LOD is the concentration at which the peak of the mea-
sured substance is not interfered with, and the relative standard deviations of 5 consecutive ejection results is <
15%.

UHPLC-MS/MS. Sample elution (5 pL injected) was performed at a flow rate of 0.3 mL/min with mobile phase A
(water, 0.1% formic acid, 5% acetonitrile, 20 mmol/L ammonium acetate) and mobile phase B (acetonitrile) on a
Phenomenex Kinetex® Biphenyl 100A LC column. After diluting (900 yL methanol added to 100 pL urine), a 200 pL
aliquot of the supernatants was transferred into a vial for UHPLC-MS/MS analysis.

Results & Discussion: Sample preparation. For Echo-MS/MS, urine was processed by simple dilution to accommo-
date "fast" requirements. Since the maximum sample loading volume was only 60 yL and a higher the proportion of
organic phase in the dilution accelerates the evaporation rate, only water was used here as the dilution solvent.

Method validation.

Echo-MS/MS. By analyzing 40 blank urines using Echo-MS/MS, the peak area was determined with a confidence
level of 99.85%. Above this area, it can be determined as detected. Due to interference causing unforeseeable
deviations in the concentration of the analyte, we added standards to blank urines from different sources to deter-
mine their concentration deviations. When the RSD is less than 15%, we believe that interference has no effect on
detection at this concentration. Based on the two methods mentioned above, we ultimately chose 10 ng/mL as the
LOD and analyzed 250 samples simultaneously using Echo-MS/MS and UHPLC-MS/MS. Echo-MS/MS has extreme-

ly high accuracy in sample screening: when the detection limit of Echo-MS/MS is above 10 ng/mL, the detection
accuracy of Echo-MS/MS is 100%. In the test, 250 specimens were analyzed in 1.5 h.

UHPLC-MS/MS. The quantitative method established based on UHPLC-MS/MS met the validation requirements in
all aspects. The LOD and LOQ values for all analytes ranged from 0.1-1 ng/mL and 0.5-2 ng/mL, respectively.

Positive specimens. After analysis by Echo-MS/MS, 4 of the 250 urine samples were definitely detected as con-
taining drugs, and 1 was suspected to contain them. Subsequent validation and quantification by UHPLC-MS/MS
demonstrated that 7 phencyclidine-type substances were indeed detected: 2-FDCK (25,550 ng/mL), tiletamine
(2,430 ng/mL), O-PCE (59,290 ng/mL), ketamine (220 ng/mL), DCK (2 and 164 ng/mL), nor2-FDCK (9-2,965 ng/mL),
and 2-F-2-0x0-PCE (7-1,393,000 ng/mL). Notably, multiple substances were detected in each of the 5 urine speci-
mens, suggesting the possibility of cross-abuse of phencyclidine-type substances with similar drugs.

Conclusion: This was the first fast screening method for phencyclidine-type substances based on Echo-MS/MS,
which greatly reduces the analytical time, and can accomplish in 1.5 h what UHPLC-MS/MS needs 3 days to com-
plete. And the samples can be analyzed without complicated sample preparation, and also can obtain good detect-
ability.

A new alternative for dried blood spots papers: nanofibrous sorbents

Melike Aydogdu', Tugce Ténglc Yalcinkaya?, Ahmet Cay?, Emriye Perrin Akcakoca?, Fatma Nil Ertas®, Serap Annette
Akgur!

'Ege University, Institute on Drug Abuse, Toxicology and Pharmaceutical Science, Izmir, Turkey. 2Ege University, Fac-
ulty of Engineering, Department of Textile Engineering, Izmir, Turkey. SEge University, Faculty of Science, Depart-
ment of Chemistry, Izmir, Turkey

Background & Aims: Nanofiber production is important for the production of functional materials. The electrospin-
ning method used in producing nanofibers is effective in terms of ease of application and the richness of polymers.
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This method is that the fibers produced with this technique have nano-sized diameters and the polymers used

can be used both as melt and spinning solutions. This study, nanofibrous sorbents were synthesized by electro-
spinning method and used as paper/sorbent in the Dried Blood Spot(DBS) for the determination of 11-nor-9-car-
boxy-THC(A9-THC-COOH),amphetamine,3,4-methylenedioxy-N-methylamphetamine(MDMA),morphine and benzo-
ylecgonine. Synthesized nanofibrous and Whatman903 which dries slowly and has a risk of contamination during the
study, were statistically compared using blood.

Methods: All standards and internal standards detection conditions were optimized by LC-MS/MS. One-mL metha-
nol-acetonitrile40:60(v/v) was added to a 50-pL blood and liquid-liquid extraction(LLE) was performed. The organic
phase was evaporated under nitrogen. The residues were dissolved in 150-pL of mobile phase mixture and vials were
injected into LC-MS/MS. DBS(Whatman903) samples were dried at room temperature for 2-h after dripping 50-pL of
blood, and the dried spots were cut and transferred into 1-mL of methanol-acetonitrile40:60(v/v). After 30-min of
ultrasonic bath, paper/sorbent was removed from the solvent and the procedure for blood sample was applied. An-
alytical method validation was performed using two different matrices for whole blood and DBS (Whatman903). The
method validations were performed on parameters of specificity, accuracy, the lower limit of determination(LOD),
the lower limit of detection(LOQ), linearity, precision, stability, and carryover.

Cellulose acetate(CA) and thermoplastic polyurethane(TPU) membranes were produced by electrospinning.
Electrospinning of polymer solutions was carried out by using NS Plus Nanospinner Electrospinning. Nanofiber
synthesis experiments were carried out at different voltages and polymer solution feeding rates. Electrospinning
of each membrane was carried out 24 and 48 hours to produce membranes with two different thicknesses, and a
double-face membrane was produced consisting of CA and TPU nanofibres on each side, which was denoted as a
"mix mode”. A deacetylation process was applied to increase the durability of the membranes including CA. The
morphology of the produced nanofibers was analyzed by scanning electron microscope and Fourier-transform
infrared spectroscopy(FT-IR). The water retention capacity of the samples was tested. 30 real samples positive
for A9-THC-COOH,amphetamine, MDMA, morphine, and benzoylecgonine were analyzed with the validated DBS
method(Whatman903). With the same validated method, the same real samples were analyzed with five synthe-
sized nanofibers (24-hour CA,48-hour CA,24-hour TPU,48-hour TPU, and mix mode), and the results were statisti-
cally analyzed.

Results & Discussion: LLE was carried out at different pHs of water, methanol, isopropyl alcohol, ethyl acetate,
diethyl ether, hexane, acetonitrile, chloroform, and their mixtures in working whole blood and DBS. While the most
compatible results were obtained at the methanol-acetonitrile ratio of 40:60(v/v). For whole blood and DBS meth-
ods, each analyte can be distinguished within the sample it contains, LODs were between 2-7.5ng/mL; LOQ between
10-25ng/mL. All correlation coefficients exceeded 0.995(linear to LOQs-500ng/mL). Analytical recovery ranged
from 84.9-113.5% of the expected concentration for both intra-day and inter-day. Stability was ensured under
storage conditions of 24 hours at -20°C and freeze-thaw cycles for 10 and 30 days.

For CAand TPU fiber diameters of 358.60nm and 233.90nm, respectively were chosen due to lower nanofiber
diameter and smooth nanofiber morphology. FT-IR spectra show after deacetylation, it was observed that charac-
teristic peaks of acetyl groups disappeared. While the water retention capacity of Whatman903 in paper structure
is approximately 230% by weight, it was determined that cellulose-based nanofibers are in the range of 280-320%
by weight, depending on the thickness. In the comparison study, correlation test results were evaluated for the
results of samples (n=53) positive for THC-COOH, amphetamine, MDMA, morphine, and benzoylecgonine. Cor-
relation coefficients were calculated as Whatman903:CA-24h 0.941, Whatman903:CA-48h 0.982, Whatman903:T-
PU-24h 0.881, Whatman903:TPU-48h 0.951, Whatman%03:Mix 0.973. When the results of Whatman903 filter paper
and nanofibers were compared, cellulose and mixed nanofibers produced in 48-h can be used interchangeably.

Conclusion: In this study, a sensitive, selective, and repeatable LC-MS/MS method was developed for the quanti-
tative analysis of illicit substances. This study was designed to overcome the limitations of the DBS technique and
to obtain more efficient, sensitive, and accurate results by producing alternative new materials, the most common
method used in nanofiber production was the electrofiber spinning method. Nanofibrous surfaces have very thin
fiber diameters of nanometer dimensions and therefore very high surface area and porosity. Thus, nanofibers,
especially those produced from hydrophilic polymers or subsequently made hydrophilic, have high liquid absorp-
tion capacity. Since nanofibrous sorbents have a higher liquid absorption capacity, they trap the liquid they absorb
within the sorbent and reduce the problem of contamination in the environment to zero. This study was supported
by TUBITAK-1002(Project No:2115955). This study was deemed worthy of the Anya Pierce Young Scientist award by
EWDTS referees.
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Comprehensive characterization of biological fluids from subjects tested positive for
illicit drugs using supercritical fluid chromatography mass spectrometry with orthogonal
ionization and fragmentation techniques

Patrick Mueller', Stefan Kénig?, Gérard Hopfgartner!
"University of Geneva, Geneva, Switzerland. 2University of Bern, Bern, Switzerland

Background & Aims: Exogenous compounds such as drugs, pollutants, bacterial toxins and related metabolites
exert various effects on biological systems, leading to alterations of endogenous metabolic pathways. Xenobiotic
elimination from the body primarily occurs through hepatic elimination. Excess and continuous exposure stress
the liver, potentially causing serious organ damage and impairing its predominant role in lipid metabolism. Evalu-
ating the exposome provides valuable insights into subjects' health, lifestyle choices and allows to group subjects
based on the frequency and duration of exposure to specific substances.

Frequently untargeted liquid chromatography electrospray ionization mass spectrometry collision-induced
dissociation (LC-ESI-MS-CID) techniques are used to evaluate xenobiotic-induced metabolic alterations but are
challenged by unambiguous compound identification (ID). Confidence in analyte ID can be increased through or-
thogonal ionization and fragmentation techniques, such as electron ionization (El), atmospheric pressure photoio-
nization (APPI), or electron-activated dissociation (EAD). While El generates information rich fragmentation spec-
traitis restricted to gas chromatography and thereby limited to small thermostable molecules. Contrary to that,
ESland APPl are considered as soft-ionization techniques which can be used for a wider range of compounds using
liquid chromatography. Compared to ESI, APPI does allow radical cation formation with CID spectra usable for El
library searches with 300,000+ molecules and is superior for nonpolar analytes (Mueller et al., 2022). The fact that
both can be coupled to liquid chromatography allows to perform cross validation of features with similar retention
times using El-library searches and CID MS/MS library searches.

Within this work we apply untargeted data-independent SWATH workflows using ESI (Klont et al., 2020) with su-
percritical fluid chromatography, ESI-EAD and APPI-SWATH of radical cations for xenobiotic, metabolomic and lipi-
domic screening. The multimodal approach was applied for the analysis of plasma and urine from subjects tested
positive forillicit drugs, while also investigating xenobiotic-associated alterations of biomolecules.

Methods: Urine samples were diluted 1:1 in methanol and plasma samples were extracted using MTBE/methanol/
water (10:3:2.5). General screening was performed using ESI-SWATH and APPI-SWATH on a TripleTOF 6600 (Sciex).
The polar fraction was separated on a diol column and the nonpolar fraction usinga C18 column with supercritical
fluid chromatography (SFC) on a Nexera UC system (Shimadzu). Multivariate analysis was used to discover features
which define subject groups. Features of interest were identified by MS/MS library searches for ESI and El library
searches for APPI. Putative molecules were validated using analytical standards. Lipids of interest were reanalyzed
using ESI-MRM-HR-EAD on a ZenoTOF 7600 (Sciex) and APPI-SRM-EPIl on a QTRAP 6500. De-novo structural eluci-
dation of lipids was performed using R. All APPl experiments were performed using chlorobenzene as dopant.

Results & Discussion: Untargeted SFC-ESI-SWATH-MS screening allowed to identify illicit drugs, related com-
pounds including metabolites, tobacco, and cutting agents, alongside lifestyle-related compounds such as pain-
killers. Additionally, metabolic and lipidomic alterations associated with illicit drug were observed. The additional
use of SFC-APPI-SWATH-MS with NIST El library searches allowed cross validation of compounds with similar reten-
tion times obtained from SFC-ESI. The orthogonal ionization efficiency of APPI towards ESl increased the amount
of putative compounds identified such as benzolalpyrene, a compound with elevated plasma concentration in
smokers. Alike, conducting NIST El Library searches allows for the assignment of more putative compounds, due to
atenfold greater number of molecule entries compared to MS/MS libraries. Multivariate statistical analysis showed
larger differences for APPI-CID than for ESI-CID. This can be attributed to the generation of more information-rich
El-like spectra generated through the collision-induced dissociation of radical cations. This has proven particular-
ly useful for steroids which show low ionization efficiency with uninformative fragmentation spectra of [M+H-H,0]*
when using ESI, but generate dominant radical cations using APPI. De-novo structural elucidation of lipids, without
the need of libraries ,was performed using SFC-ESI-EAD and SFC-APPI-CID. SFC-APPI-CID was superior for lipid
classes which do not ionize well in (+)-ESI, such as fatty acids, cholesteryl esters, mono-di and triglycerides, and
MRM-HR with EAD for the remaining lipid classes. Last, the use of SFC-ESI-CID, SFC-ESI-EAD and SFC-APPI-CID of
radical cations allowed validation of putative compounds by comparing their retention times and three orthogonal
fragmentation spectra with those of analytical standards.

Conclusion: Integrating typical ESI-SWATH workflows with ESI-EAD and APPI-SWATH of radical cations increas-

es the amount of putative compounds identified, which is attributed to their complementary in ionization and
fragmentation. In particular, the CID fragmentation of radical cations generates spectra which can be used for
structural informative El library searches. Altogether, the described multimodal approach improves screening and
characterization of exogenous and endogenous compounds related to illicit drugs in urine and plasma.
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Drug characterization and impurity mapping using R

Alasoul Saif, Herve Menard, Lorna Nisbet
University of Dundee, Dundee, United Kingdom

Background & Aims: Illicit drug markets continue to experience significant growth, and while there is a continuous
need to determine the main pharmacologically active substances, the detection and characterisation of minor
compounds is starting to receive significant interest for providing strategic, tactical and public health intelligence.

Limited research has been conducted to examine the presence of inactive compounds or other substances inillicit
drug samples. These chemicals, known as adulterants or cutting agents, can be impurities which arise from differ-
ent processes during the drug's manufacturing, packaging, transportation etc. As they are typically present in small
concentrations, their observation in analytical results is a challenge and requires significant manual effort.

This study looks at the use of an automated approach to investigate the presence of minority substances in illicit
drugs using an R script. R as a programming language is receiving increasing attention within the scientific commu-
nity to speed up analysis, but it has not yet been applied to this area of research. The aim of this work is to directly
analyse gas chromatography -mass spectrometry (GC-MS) data to systematically detect and assign minority sub-
stances in all processed samples.

Methods: Samples included in this study were part of an ongoing non-judicial seizures drug monitoring project.
These samples were analysed by GC-MS in full scan mode, and the output data were converted in a format suitable
for long term preservation. The data are processed in R to (i) detect the presence of minor peaks and (ii) compare
them to already known substances present in a self-built reference library. The R script compares mass spectra
between the peaks of interest and the ones available in the library using vectors and indexing similarity with spec-
tral contrast angle. This is simply calculated using the relative intensities of product-ion peaks at the m/z values.

Results & Discussion: 107 samples were analysed by GC-MS. With the developed R code set to extract peaks that
are three times the signal-to-noise ratio of the baseline, using the total ion chromatogram, a total of 3,825 peaks
of interest were detected throughout the entire series. Among the 3,825 peaks identified, 119 were classified as
distinct due to their varying retention times. Analysis of the data reveals that these 119 peaks can be entirely ac-
counted for by examining only 27 out of the 107 samples. Additionally, by selecting only 10 samples, 102 out of the
119 peaks can be identified.

Peak assignment was carried out by comparing peaks between samples using the MS data. The comparison and
matching of each detected peak were done by the measure of similarity (and the use of angular vectors), which
returns a matching factor. A matching factor of O indicates an opposite match, while 1 denotes a perfect match to
the peak used for comparison. These peaks used for comparison may not be attributed to a specific compound, as
the "reference peak" could be sourced from another sample rather than a compound reference library. In this way,
additional analysis can be carried out using the matching factors and the individual peak retention time to estab-
lish groups and relationships between samples, thereby facilitating the subsequent identification of compounds.

Conclusion: The research demonstrates the feasibility of developing a facile method to systematically detect
chemicals present in a large series of samples. With careful consideration, a list of peaks of interest presentin one
or more samples can be established by using a targeted number of samples. Such an approach is of great interest
for facilitating and expediting data analysis, as well as determining commonalities between samples. The outcomes
of this approach could significantly enhance forensic intelligence in drug profiling for investigation and operation-
al work, providing additional information to aid in identification, including geographical sourcing as well as estab-
lishing possible relationships between batches of seized drugs.

Development of a green analytical toxicology method based on supramolecular solvent
(SUPRAS) microextraction for the analysis of benzodiazepines in vitreous humor

Kaué O. Chinaglia'?®, Leonardo C. Rodrigues*?®, Lohanna P. El Haddad??, Laura S. Borbi®®, Débora Z. Berlinck5?,
José L. Costa®?

1Swiss Federal Institute of Aquatic Science and Technology (eawag), Diibendorf, Switzerland. 2School of Medical
Sciences, Universidade Estadual de Campinas (UNICAMP), Campinas, Brazil. *Campinas Poison Control Center,
Universidade Estadual de Campinas (UNICAMP), Campinas, Brazil. *Department of Pharmacology and Toxicology,
University of Utah, Salt Lake City, USA. °Faculty of Pharmaceutical Sciences, Universidade Estadual de Campinas
(UNICAMP), Campinas, Brazil

Background & Aims: The toxicological analysis of post-mortem samples in forensic casework is essential to inves-
tigate the presence or absence of drugs in cases of suspected intoxication. The vitreous humor (VH), a gelatinous
fluid that fills the posterior segment of the eye, has stood out as an alternative biological matrix in forensic in-
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vestigations due to the existence of few interfering compounds for the analytical process and its stability. In this
context, the analysis of psychoactive substances like benzodiazepines (BZs) and their metabolites in VH is crucial
for determining the cause of death and assessing the extent of the abuse issue. BZs are one of the most prescribed
drugs used as anticonvulsant, anxiolytic, muscle relaxant, and sedative-hypnotic agents.

Faced with challenges in forensic drugs analysis, the approach of supramolecular solvent (SUPRAS) microextraction
could be highlighted as a Green Analytical Toxicology (GAT) procedure and it offer intrinsic advantages, mainly re-
lated to the extraction efficiency in diverse analytes. The SUPRAS microextraction occurs with the combination of
the salt (sodium sulfate) and the alcohol (1-hexanol) that promotes the extraction of the sample with the formation
of two phases, a continuous phase, and a dispersed phase, generated from the association of different molecules
in a self-organizing system, being able to extract the BZs from the VH. The objective of this work was to develop and
to validate a SUPRAS microextraction method to identify BZs in VH.

Methods: Initially, a Plackett-Burman (PB) experimental design was conducted, for parameters as sodium sulfate
amount, agitation time, alcohol volume, and matrix volume. The absolute area of diazepam at different conditions
through analysis by Liquid Chromatography-Tandem Mass Spectrometry (LC-MS/MS) were evaluated and the best
conditions were selected. Thus, a rotational composite central design (RCCD) was set up, with two replicates and
five central points (23). The parameters were agitation time, alcohol volume, and matrix volume. Chromatographic
separation was performed with a Raptor Biphenyl (2.7 um, 100 x 2.1 mm, Restek, Bellefonte, PA, EUA) column in a
LCMS8045 (Shimadzu®, Kyoto Japan) operating in gradient mode with mobile phase A (Water) and B (Methanol),
both containing 2 mM ammonium formate + 0.1% formic acid. The mass spectrometer was equipped with an elec-
trospray ionization source, operating in negative mode. The total run time of analysis was 8 minutes.

The sample preparation consists with adding the aliquot of 300 uL of VH to a 2 mL polypropylene tube containing 20
mg of sodium sulfate and the addition of 20 pL of diazepam-d5 2000 ng/mL (internal standard). The tube is vortexed
for 10 seconds. Then, 200 pL of 1-hexanol is added, homogenized for 7 minutes at 2600 RPM, centrifuged for 5 min-
utes at 12500 RPM, and 100 pL of the supernatant is transferred to another tube. Subsequently, the solution is dried
under nitrogen flow at 40°C and resuspended with 100 pL of water. Finally, 2 yL is injected into the LCMS8045.

Results & Discussion: The following BZs and metabolites were selected: Lorazepam, oxazepam, nitrazepam,
clonazepam, nordiazepam, flunitrazepam, temazepam, alprazolam, diazepam, 7-aminoclonazepam, flurazepam
and midazolam. A calibration curve was determined from 10 to 1000 ng/mL and from 1 to 100 ng/mL for 7-amino-
clonazepam (linear regression, 1/x2 weighting, r220.99). Quality controls (QCs) were determined at 30, 400 and 800
ng/mL as Low-Quality Control (LQC), Medium-Quality Control (MQC) and High-Quality Control (HQC), respectively
and they did not vary more than 20% from the nominal concentration after preliminary experiments.

Conclusion: A GAT method was developed using SUPRAS microextraction for the analysis of BZs in VH. The method
will be validated as recommended by the AAFS Standard Practices for Method Validation in Forensic Toxicology
guidelines, and parameters as bias and precision, carryover, interference studies will be evaluated in different days
of work. After that, the method will be applied for the analysis of authentic post-mortem VH samples.

Activity-based characterization of opiates, opioids and NPS molecules, including their
metabolites: a forgotten technology with new forensic applications

Jan Karel P. Tytgat
KU Leuven, Leuven, Belgium

Background & Aims: Fentanyl and its structural analogs sufentanyl and alfentanyl are potent analgesics of the 4-an-
ilidopiperidine class of opioids, which are clinically used in the management of pain. However, some fentanyl ana-
logs, such as para-fluorofentanyl, are known as designer drugs (New Psychoactive Substances, NPS) and have been
encountered inillicit drug traffic. Several of the illicit fentanyl homologs encountered to date are believed to have
potencies much higher than fentanyl itself (e.g. carfentanyl). Knowledge of their pharmacology is often limited to
their analgesic potencies as determined by in vivo tests. These results provide little pharmacological evidence with
respect to their affinity and selectivity for mu, kappa, and delta opioid receptors, through which these ligands medi-
ate their actions leading to respiratory depression, and often in a recreational setting resulting in coma and death.

The aims of our study are i) a functional, activity-based characterization of opiates, opioids and their metabolites,
including the latest synthetic opioids such as the nitazenes, known as New Psychoactive Substances (NPS); ii) a
site-directed mutagenesis investigation to reveal the role of important amino acids involved in opioid type selec-
tivity (mu, kappa and delta) for ligands such as fentanyl and NPS molecules, including their metabolites.
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Methods: The pharmacological profile was investigated of a number of fentanyl analogs on wild-type and mutat-
ed human mu, kappa, and delta opioid receptors, co-expressed with GIRK1/GIRK2 potassium channels and RGS4
proteins in a host cell type, called Xenopus laevis oocytes. We have applied the 2-microelectrode voltage-clamp
technique in order to measure potassium currents as readout, following activation of the opioid receptor (mu,
kappa or delta; wild-type or mutant), coupled to inward rectifier GIRK1/GIRK2 potassium channels via recruitment
of endogenous G proteins of the host cell. We investigated if mutation of residues Trp-318 and His-319 in the mu
opioid receptor to their corresponding residues in kappa and delta opioid receptors provides the molecular basis
for mu/delta selectivity and mu/kappa selectivity.

Results & Discussion: We demonstrate that para-fluorofentanyl more potently activates GIRK1/GIRK2 channels
through opioid receptors than fentanyl and that the p-fluoro substitution also changes the potency profile from
mu > kappa > delta (fentanyl) to mu > delta > kappa (para-fluorofentanyl). Using site-directed mutagenesis, we found
that changes in EC50 values for the W318L and W318Y/H319Y mu opioid receptors show a partial contribution of
these residues to the decreased GIRK1/GIRK2 channel activation by fentanyl analogs through kappa and delta opi-
oid receptors. The most pronounced effect was observed for para-fluorofentanyl, suggesting that an interaction
between the 4-fluorophenylpropanamide moiety of the drug and residues Trp-318 and His-319 is important for
the resulting enhanced GIRK1/ GIRK2 channel activation through the mu opioid receptor. We demonstrate that the
mutation W318L confers delta-like potency for morphine on the mutant mu opioid receptor. Finally we also show
that morphine-6-glucuronide and morphine-3-glucuronide,well known phase 2 metabolites of morphine, are opi-
oid receptor agonists with different potencies and that the potency of morphinan receptor ligands can be changed
by selective mutations of the mu opioid receptor at positions Trp-318 and His-319.

Conclusion: We conclude that the heterologous expression in Xenopus laevis oocytes of cloned wild-type and
mutant opioid receptors together with ion channels (GIRK1/2) that are recruited upon activation of mu, kappa
and delta opioid receptors, and studied with the voltage-clamp technique, is a platform with great potential for an
activity-based characterization of opiates, opioids, NPS molecules and their metabolites. With the ever growing
number of NPS molecules appearing on the market, in particular the family of the nitazenes, which are very potent
synthetic opioids, we believe that the technology reported by us here will help us to elucidate new forensic cases
that undoubtedly will occur.

Application of chemometrics in the interpretation of diclazepam and its metabolite ratios

Agatha Grela?, Christopher Davies', Joanne Morrissey?, Havovi Chichger?, Philip Pugh?, Lata Gautam?
"University of West London, London, United Kingdom. 2Anglia Ruskin University, Cambridge, United Kingdom

Background & Aims: Diclazepam is a 'designer' benzodiazepine derivative and modified version of the existing
pharmaceutically prescribed benzodiazepine diazepam. There is little knowledge regarding its pharmacokinetics,
it has never undergone clinical trials, and it was deemed unfit for human consumption in the early 1970s. However,
the possible illicit use of diclazepam as both a recreational and a drink spiking drug has recently been reported.
Diclazepam metabolises into three pharmaceutically prescribed benzodiazepines (delorazepam, lormetazepam,
and lorazepam) with overlapping metabolic pathways, which could make the identification of the parent drug
challenging. It could therefore be justifiable to suspect that diclazepam may simply not have been searched for,
overlooked, and not identified with current understandings.

The aim of the research was to investigate whether it is possible to identify delorazepam, lormetazepam, and loraz-
epam as parent drugs, or metabolites of diclazepam using a chemometric approach.

Methods: Diclazepam metabolises into both delorazepam and lormetazepam simultaneously, and both of these
metabolites then proceed to metabolise into the final product, lorazepam. Therefore, for this study, diclazepam,
delorazepam, and lormetazepam were metabolised in vitro using pooled human liver microsomes over 240 minutes
to establish metabolite ratios of metabolite and parent drug. Liquid-liquid extraction (LLE) was used to extract
diclazepam and its metabolites from the incubated microsomes over different incubation times, and analytes
detected by a validated gas chromatography-mass spectrometry (GC-MS) method. Principal component analysis
was performed to establish the relationships between diclazepam and its metabolites, and to investigate whether
the the differentiation of diclazepam, delorazepam, and lormetazepam could be determined based only on the
detected quantities of their respective metabolites.

Results & Discussion: The detected diclazepam and its metabolite ratios proved that it is possible to differentiate
whether the parent drug was diclazepam, or one of its metabolites. Novel chemometric models using principal
component analysis showed the potential for differentiating between parent benzodiazepines. This was initially
tested by compiling available literature data for commonly detected benzodiazepine concentrations in biological
matrices, and then applying the PCA model based on the recorded metabolite proportions.
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In addition, in vitro metabolism revealed information regarding previously unexplored possibilities for diclazepam
metabolites behaving in ways that were not expected. The parent drugs metabolised and decreased in concentra-
tions to form their metabolites as expected until 120 minutes of incubation. However, it was suspected that the
metabolites then went on to reform back into their parent compounds, either directly or indirectly via intermedi-
ate product formation since their concentrations were shown to decrease, while their parent drug concentrations
simultaneously increased, a reverse metabolism process that has previously been shown to occur for some ste-
roids and chlorpromazine.

Conclusion: This research has sought to contribute to the gap in knowledge for diclazepam analysis, its metabolism
and detection, and to help laboratories become more prepared with results interpretation. The main focus of this
research was to see whether one could differentiate between which parent drug had been consumed based on
metabolite detection, and this research has confirmed that this is possible.

PCA models were able to differentiate between the incubations of diclazepam, delorazepam, and lormetazepam
based only upon diclazepam metabolites being present, and not diclazepam itself. In particular, it was able to dif-
ferentiate between the three drugs when only two of the metabolites were detected.

Therefore, the findings from this research could contribute to improving and advancing drug identification and
interpretation methods in biological samples.

Exploring electromembrane extraction as a simple and green alternative for the
analysis of New Psychoactive Substances

André Fabris', Frederik André Hansen?, Mauricio Yonamine3, Stig Pedersen-Bjergaard?, Elisabeth Leere @iestad?*
"University of Bologna, Bologna, Italy. ?University of Oslo, Oslo, Norway. 3University of SGo Paulo, SGo Paulo, Brazil.
‘Oslo University Hospital, Oslo, Norway

Background & Aims: New Psychoactive Substances (NPS) continue to appear in the drug market, posing harm to
human health and challenging law enforcement. More than 1.200 substances with heterogeneous chemical struc-
tures have been reported, stressing the need for sample preparation techniques suited to analyze these emerg-
ing drugs in biological samples. Electromembrane extraction (EME) is a miniaturized technique in which charged
molecules are extracted from biological specimens through a porous membrane into an acceptor solution. In EME,
the use of an electric field as the driving force for mass transfer provides high analyte recovery in short extraction
times. Several applications of EME to different groups of substances and biofluids have been described. In this
work, we present the application of this technique in a prototype 96-well plate setup for NPS analysis in whole
blood. Twenty synthetic cathinones (SC) within a wide log P range (1.18-3.65) were thus chosen as model analytes
due to theirincreasing relevance in the NPS scenario.

Methods: Extractions were performed using 120 pL of blood acidified with 120 pyL of 260 mM HCOOH. Only 3 uL

of an organic solvent was used and the acceptor phase consisted of 50 yL of 100 mM HCOOH. The technique was
optimized in terms of the type of extraction solvent, voltage, extraction time, and agitation rate in a Box-Behnken
design. The method was then validated according to the ANSI/ASB Standard 036, 15t edition guidelines, and all anal-
yses were performed using an ultra-high performance tandem mass spectrometry system in the multiple reaction
monitoring mode.

Results & Discussion: The optimum extraction conditions were defined as 2-undecanone as extraction solvent,

35 min of extraction time, and 40V and 725 rpm to achieve mass transfer. Validation results showed r2>0.99 in the
1-500 ng/mL range, accuracy and imprecision -11.8-7.1% and 5.3-19.2%, respectively, 1 ng/mL as limit of quanti-
tation, 0.1-0.5 ng/mL as limit of detection, matrix effect -3-18%, and recovery 63-110%. Finally, the method was
evaluated using the AGREEprep tool and achieved a score of 0.77, which is considered good, especially in compar-
ison to ordinary 96-well LLE (score 0.47) or other miniaturized techniques for drug analysis, such as DLLME (score
0.5).

Conclusion: The application of EME in the prototype 96-well plate setup to a new class of NPS was demonstrated.
High analyte recovery and low matrix effect were achieved with only 35 min of extraction and 3 pyL of an organic
solvent, thus providing a greener, simpler, and faster alternative for high-throughput NPS analysis. Moreover, SC
within a wide log P range were included in this study and therefore show that the 96-well plate-EME is suited to
analyze other drugs of the same class that eventually appear in the illicit drug market.
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Comparison of PEth in blood and ethyl glucuronide in hair in Driving Aptitude Assessment

Matthias Bantle, Matthias Pfaffli, Wolfgang Weinmann
Institute of Forensic Medicine, University of Bern, Bern, Switzerland

Background & Aims: For driving aptitude assessment (DAA), the analysis of alcohol biomarkers is essential to detect
alcohol consumption beside psycho-medial exploration. In Switzerland the analysis of ethyl glucuronide (EtG) in hair
has been the gold standard for abstinence monitoring in DAA cases. Since October 2022, PEth 16:0/18:1 and PEth
16:0/18:2 have additionally been determined and used for further exploration of previous drinking or abstinence.

Methods: PEth 16:0/18:1 and PEth 16:0/18:2 were analysed in dried blood spots by LC-MS/MS with decision limits
according to the 2022 consensus of Basel (20 and 200 ng/mL). EtG was analysed in hair by LC-MS/MS and GC-MS/MS
with decision limits according to the guidelines of the Swiss society of forensic medicine (SGRM) (7 and 30 pg/mg).

Results & Discussion: In 300 DAA cases, PEth (in blood) and EtG (in proximal hair of up to 5 cm length) have been an-
alyzed. The majority of the samples (201, 65%) were reported negative for PEth, 59 (19%) were reported as positive
for alcohol consumption ("social drinking") and 51 (16%) were reported as "excessive consumption". For EtG, 134
(43%) were reported as compatible with abstinence, 70 (23%) were reported as positive for alcohol consumption
("social drinking") and 96 (31%) were reported as "excessive consumption”. In 60% of all cases, PEth and EtG result
interpretations were in accordance with each other. In 40% of the cases, EtG and PEth values resulted in different
interpretations: in 34%, interpretation of PEth concentrations revealed lower consumption than hair analysis, only
in 6% of the cases, PEth concentrations revealed higher alcohol consumption than hair analysis. Starting an absti-
nence phase some weeks before sampling may explain these 34% of the cases, for the other cases (6%) there might
be explanations from their previous drinking history which will be discussed.

Conclusion: In many cases, analysis of PEth proves the interpretation of the EtG analysis. However, when compar-
ing these two markers, the difference in detection windows should be considered, as PEth has a shorter detection
window than EtG in 5 cm proximal hair segments. When PEth is determined repeatedly (monthly), changes in alco-
hol consumption habits can be detected at an earlier stage compared to hair analysis, when this is performed with
5 cm segments (representing approximately 5 to 6 months).

Automated sample preparation as leverage for high-throughput drug screening of
wastewater

Marie Mardal, Kristian Linnet, Marie Katrine Klose Nielsen, Sys Stybe Johansen, Brian Schou Rasmussen, Ragnar
Thomsen
Department of Forensic Medicine, University of Copenhagen, Copenhagen, Denmark

Background & Aims: Quantitative measurements of drug target residues (DTR) in wastewater samples can pro-

vide valuable monitoring data for population-scale drug (ab)use; an approach commonly referred to as wastewa-
ter-based epidemiology (WBE). There is a pronounced overlap between DTR monitored in routine forensic drug
screening and WBE. It may thus be attainable to implement wastewater analysis in a forensic laboratory by slightly
modifying existing methods. This study aimed to develop an analytical method for high-throughput wastewater anal-
ysis based on available sample preparation scripts and analytical methods. Subsequently, the developed method was
validated and tested on influent wastewater samples.

Methods: As a starting point, we used calibrator, quality control, internal standard stock solutions together with

LC and MS settings from a method routinely used for quantitation of common drugs of abuse in whole blood. To
adapt the in-house methods to wastewater, sample volume and calibration range was adjusted, new quality control
samples (spiked tap water at two concentration levels) were prepared, and the analyte list was modified to fit the
application. Sample preparation was performed on an automated liquid handler and was based on protein precipi-
tation. Avolume of 200 pL wastewater was precipitated with 800 pL acetonitrile and then centrifuged. 700 pL of the
supernatant was evaporated to dryness and subsequently reconstituted in 50 pL of 50% aqueous methanol.

The final method encompassed 15 analytes, each with paired isotopically labelled internal standards. Validation
experiments consisted of three analytical runs to evaluate precision and accuracy, calibration range, and the lower
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limit of quantification (LLOQ). Five analytes in the presented method were further evaluated in and passed interna-
tional proficiency testing for the analysis of DTR in wastewater.

The method was applied to 24-h composite, influent wastewater from two wastewater-treatment plants from Co-
penhagen, Denmark: Avedgre (mostly industrial and suburban districts) and Lynetten (center of Copenhagen). Sam-
ples were collected for one week, where no special events took place. Daily loads are calculated as "mg DTR/1000
inhabitants/day", accounting for daily flow and estimated population in the catchment area.

Results & Discussion: Adjusted analytical parameters included blank matrix (whole blood to tap water), calibration
range, quality control concentration levels, sample preparation injection volume (2 to 5 pL), and analyte list (ritalinic
acid and citalopram added). Citalopram was included as a drug with anticipated constant intake during the week.
Only DTR that i) consistently measured above LLOQ in wastewater samples, ii) performed well on the analytical meth-
od, and iii) were interpretable in a WBE context, were evaluated.

LLOQs in the validation experiments were 10 ng/L (benzoylecgonine, MDMA, ketamine, methadone, oxazepam,
oxycodone, and citalopram), 25 ng/L (methamphetamine, codeine, tramadol, O-desmethyltramadol, and ritalinic
acid), or 50 ng/L (cocaine, amphetamine, and morphine). The upper limit of quantitation was 5000 ng/L for all DTR.
The between- and within-run accuracy of spiked QCs generally showed an underestimation, with a median accu-
racy of QC_ and QChighof -10% and -6%, respectively. In the absence of blank wastewater, tap water is commonly
used as blank matrix, although it is documented that this is not ideal.

The fifteen DTR were detected in all measured wastewater samples. The median {range} of measured concentra-
tions ranged from 1690 {1095-3767} ng/L for benzoylecgonine to 36 {15-51} ng/L for oxycodone. The average ratio
between tramadol and O-desmethyl-tramadol in wastewater samples was 1.3 {1.2-1.6}. Back-calculated DTR load
during the weekend were highest in Avedgre, except for methamphetamine, MDMA, and methadone that were
higher in the Lynetten samples.

Conclusion: Implementation of wastewater analysis in a forensic toxicology laboratory could be achieved with rel-
atively minimal effort by slight modification of already available sample preparation scripts, standard solutions, and
analytical methods.

The automated sample precipitation method with simple precipitation was effective for the extraction and quan-
titation of 15 DTR of common drugs (of abuse) in wastewater. The presented application is the first method for
quantitation of common drugs of abuse in wastewater, relying on simple protein precipitation using an automated
liquid handler, which allows for scalability of WBE. Possible applications include large-scale wastewater monitoring
programs, aimed to collect spatiotemporal intelligence on drug consumption trends.

LC-MS/MS method for monitoring antiepileptic drugs in DBS. Comparison of DBS,
VAMS and whole blood results.

Maria Cobo-Golpe, Lucia Paniagua-Gonzélez, Miriam Blanco-Ces, Angelines Cruz, Elena Lendoiro, Ana de-Castro-Rios
Universidade de Santiago de Compostela, Santiago de Compostela, Spain

Background & Aims: Epilepsy is a chronic pathology affecting 50-70 million people in the world. It usually debuts in
children and affects the patients for the rest of their lives. Treatment aims to avoid convulsing episodes, and while
monotherapy is enough in most cases, 20-30% of the times polytherapy is required. Monitoring antiepileptic levels
is essential for optimizing the efficacy and minimizing adverse effects.

The biological matrix of choice for therapeutic drug monitoring is blood, since antiepileptic blood concentrations
correlate with effects. However, this requires periodic visits to the hospital and specialized personnel, and ob-
taining a venous blood sample is invasive. An alternative to whole blood samples are microsampling techniques (<
50 mL of blood), like Dried Blood Spots (DBS) and Volumetric Absorptive Microsampling (VAMS). Advantages of these
techniques are easier and non-invasive sample collection (no need for specialized personnel), easier storage,
transport and manipulation, and higher stability of the drugs.

Methods: A method was developed and validated for the determination of 8 antiepileptic drugs and 2 metabolites
(carbamazepine, carbamazepine-10,11-epoxide, lacosamide, lamotrigine, levetiracetam, oxcarbazepine, 10-hy-
droxy-10,11-dihydrocarbamazepine, phenobarbital, phenytoin and valproic acid) in DBS samples.

Samples were cut from the card with a 6-mm punch and extracted with 200 mL of a Methanol:Water (80:20, v:v) solu-
tion in a shaker at room temperature for 30 minutes. Then, samples were centrifuged, evaporated under nitrogen,
reconstituted in 50 mL of mobile phase, centrifuged again and placed into vials. For the analysis, a UPLC-MS/MS Ac-
quity UPLC® H-Class chromatogram coupled to a Xevo®TQ-XS mass spectrometer was used. ACORTECS® UPLC®
T3 (1.6 mm, 2.1x100 mm) column was chosen, with a gradient of ammonium acetate 5 mM in water and ammonium
acetate 5 mM in ACN:Water (95:5, v:v). Samples were injected twice, once in negative electrospray mode (ESI-) for
the analysis of valproic acid, phenytoin and phenobarbital, and another using ESI+ for all other compounds.
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The method was validated following the EMA and FDA guides, including the parameters of linearity, limits of de-
tection and quantification, carry-over, accuracy, imprecision, selectivity, matrix effect, recovery, stability, and
hematocrit effect.

Results & Discussion: The total chromatographic run time was 4 minutes for ESI- compounds and 6 min for ESI+
compounds. All parameters were validated satisfactorily, with LOQs between 0.5 and 10 mg/mL and linearity from
the LOQto 10.125 - 202.5 mg/mL depending on the compound. The method was applied to 80 DBS samples from
patients under antiepileptic treatment, and concentrations were compared to those in whole blood samples from
the same patients, proving the usefulness of the method. The range of concentrations found in DBS was similar to
the one in whole blood (WB): Levetiracetam= 3.2-33.7 mg/mL (DBS) and 3.6-29.4 mg/mL (WB); Valproic acid= 3.2~
141.6 mg/mL (DBS) and 6-148 mg/mL (WB); Lamotrigine= 1.7-12.4 mg/mL (DBS) and 2.1-11.7 mg/mL (WB); Lacos-
amide= 4.6-11.4 mg/mL (DBS) and 6.7-8.8 mg/mL (WB); Carbamazepine= 2-9.5 mg/mL (DBS) and 2.17-10 mg/mL
(WB); Phenobarbital= 13-38.2 mg/mL (DBS) and 16.6-41 mg/mL (WB); 10-hydroxy-10,11-dihydrocarbamazepine=
12.2-41.1 mg/mL (DBS) and 9.3-33.5 mg/mL (WB).

Conclusion: A method for the quantification of 10 antiepileptic compounds in DBS samples was developed, vali-
dated and applied to real samples.

Informative value of phosphatidylethanol (PEth) in post-mortem blood samples

Jeremai Hose', Martin Juebner', Mario Thevis?, Hilke Andresen-Streichert’
'Institute of Legal Medicine, University Hospital Cologne, Cologne, Germany. ?Institute of Biochemistry, German
Sport University Cologne, Cologne, Germany

Background & Aims: Determination of alcohol markers in post-mortem cases can be useful to classify drinking
habits and potential alcohol habituation prior to death. Phosphatidylethanol (PEth) is an alcohol marker, which can
only be formed in the lipid membranes of erythrocytes in the presence of ethanol. As PEth is considered instable in
whole blood, it is commonly analysed in dried blood spot (DBS) samples. Due to its high sensitivity and specificity,
as well as its long detectability, PEth has already been established as a significant alcohol marker for living individ-
uals. Its use in the field of post-mortem toxicology, however, has been scarcely investigated so far. The aim of this
study was to determine the validity of PEth in routinely collected post-mortem heart blood (HB) and femoral vein
blood (FB). In addition, the stability of PEth in post-mortem blood under routine storage conditions (20°C / -4°F)
was assessed over a time period of 60 days.

Methods: HB and FB were collected from post-mortem specimens during medicolegal autopsies and used to
create DBS on Whatman® filter paper in duplicate using 20 pyL each (day 0). Six aliquots of 60 pL for each blood
were pipetted into glass vials and stored in a freezer at -20°C (-4°F). Further DBS of 20 pyL were created from these
aliquots in duplicate ondays 1, 2, 7, 14, 30 and 60. All DBS samples were stored at room temperature in a zip-lock
bag containing desiccant until analysis. Sample preparation was performed by mixing the cut-out DBS with deuter-
ated PEth 16:0/18:1 and a water/isopropanol-mixture followed by a liquid-liquid-extraction using n-hexane. The
supernatant was evaporated to dryness under a nitrogen stream and reconstituted in 100 pL of the mobile phase.
Analysis of PEth 16:0/18:1 and PEth 16:0/18:2 was carried out using LC-MS/MS with a limit of detection of 3.0 and
3.5 ng/mL, respectively. Initial blood alcohol was determined via GC-FID in FB for all specimens using a cut-off of
0.05 g/kg.

Results & Discussion: Blood was collected from 36 different post-mortem specimens (age: 0.5 - 87 years; male: 21;
female: 15). Nine specimens showed positive initial blood alcohol (0.08 - 1.99 g/kg) and positive initial PEth values
(70 -2126 ng/mL), 20 specimens showed negative initial blood alcohol (< 0.05 g/kg) but positive initial PEth values
(3.9 - 1208 ng/mL), and 7 specimens showed no initial blood alcohol and no initial PEth.

The higher the PEth values in HB, the higher the values in FB, which results in a strong correlation (correlation
coefficient r = 0.97 for both homologues). However, the HB/FBratios of detected concentrations varied from 0.32
- 2.36 (mean = 1.00) for PEth 16:0/18:1 and 0.41 - 1.89 (mean = 0.98) for PEth 16:0/18:2, indicating a good com-
parability in total but a strong interindividual variation. Therefore, no recommendation can be made about which
blood is more suitable for analysis.

In all PEth-positive samples, an increase in concentration of both PEth homologues over the period of 60 days was
observed. An average increase of approximately 20% was already apparent after 24 hours. On day 60, detected
concentrations of both homologues showed an average increase of approximately 70%. In 3 of the 7 specimens

in which no initial PEth was detected, concentrations rose above the limit of detection during the observed time
period.
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Conclusion: Values of PEth in HB and FB are not comparable and show a strong interindividual variation, which

is why an analysis of both blood samples seems necessary. Concentrations of PEth 16:0/18:1 and PEth 16:0/18:2
increase considerably when HB or FB are stored at -20°C (-4°F), indicating that values should be interpreted with
great caution. The post-sampling formation of PEth in whole blood in the presence of ethanol has already been
described in the literature, but in this study an increase and even a formation were also observed in blood sam-
ples without detectable amounts of ethanol. In conclusion, the (sole) use of PEth as an alcohol marker to evaluate
drinking habits and alcohol habituation in post-mortem cases is not recommended. The use of additional markers,
especially ethyl glucuronide in hair, should be considered.

Could ethylated phosphorylcholine be a new marker for ethanol consumption?

Catalina Dumitrascu’, Elias Iturrospe'?, Celine Gys', Matthias Van Puymbroeck’, Glenn Van Nieuwenhove', Maryline
Busschots', Diona D'Hondt3, Alexia Van Goethem?, Wout Claeys?®, Babette Van Rafelghem?, Eline Baetens®, Werner
Jacobs®, Hugo Neels', Adrian Covaci’, Alexander L.N. van Nuijs'

"Toxicological Centre, University of Antwerp, Antwerp, Belgium. 2Department of Laboratory Medicine, University
Hospital Antwerp, Antwerp, Belgium. Department of Forensic Medicine and Pathology, University Hospital Antwerp,
Antwerp, Belgium

Background & Aims: Duringin vitro exposure of HepaRG liver cells to ethanol, untargeted metabolomics revealed
increased formation of ethylated phosphorylcholine (EtOChoP), a specific metabolite which was not reported be-
fore.To determine its potential role as a new biomarker for alcohol consumption and discover its detection window,
EtOChoP was measured in whole blood, plasma, and serum and compared with established alcohol use biomarkers,
such as phosphatidylethanol 16:0/18:1 (PEth), ethyl glucuronide (EtG), ethyl sulphate (EtS), and ethanol (EtOH).

Methods: Samples from 167 individuals were obtained in a medico-legal context from the University Hospital of
Antwerp and analysed for PEth, EtG, EtS, and EtOH in whole blood using validated analytical methods. When avail-
able, other matrices (i.e., serum, plasma, urine and hair) were analysed for EtG, EtS and EtOH where applicable.
For the analysis of EtOChoP in whole blood, serum, plasma and urine, a microplate liquid-liquid extraction was
developed and validated. Briefly, to each microplate well, 100 uL sample and 250 pL of ice cold (-80 °C) methanol
were added, and subsequently spiked with EtOChoP-D; as internal standard. After vortexing, the 96-well plate was
placed onice, sonicated for 2 min and left to equilibrate for 20 min. After centrifugation (30 min), the supernatant
was filtered through a 96 filtration plate (polypropylene, 0.2 um) and further evaporated to dryness using nitrogen
(40 °C). The dried extract was reconstituted in 100 yL MeOH:H,0 (1:1) and five pL was injected in an Agilent 1290
Infinity LC/6495C triple quadrupole MS using a Restek Force Biphenyl (1.8 um, 50 x 3.0 mm) column.

Results & Discussion: All samples were analysed for EEOChoP, PEth, EtOH in whole blood, and EtG in hair. Out of
167 paired samples, 75 paired samples were analysed for whole blood, plasma and serum for EtOChoP, EtG, and
EtS. Additionally, these 75 samples were also analysed for EtG and EtS in urine. Due to its novelty, three different
matrices (serum, plasma and whole blood) were considered to identify the most suitable one to further analyse
EtOChoP. Out of the 75 samples analysed, quantification of EtOChoP was achieved for 62 whole blood samples,
and in less than half for serum. Consequently, whole blood was selected as the preferred matrix for comparing
EtOChoP to the other biomarkers. This choice is further supported by the fact that PEth is measured in whole
blood, and plasma and serum were not consistently available; thereby simplifying the comparison process.

Inthe 26 samples where the PEth concentration was below the limit of quantification (LLOQ, 5 ng/mL), 12 samples
were below the LLOQ (0.05 ng/mL) for EtOChoP. In the remaining 14 samples, EtOChoP was quantified and most
of the concentrations were below 0.4 ng/mL (n=12). Out of 19 samples where the concentration of PEth was >5
and £20 ng/mL, quantification of EtOChoP was achieved for 15 samples.In all these 45 samples (PEth <20 ng/mL),
EtOH, EtG, and EtS concentrations in whole blood were below LLOQ (0.1 g/L, 20 ng/mL and 20 ng/mL, respective-
ly). These results indicate that, in whole blood, EtOChOP has a longer detection window than EtOH and EtG/EtS,
but future research is required to confirm this finding.

For samples showing concentrations of PEth >20 and <200 ng/mL (n=80, classified as social drinkers), concen-
trations of EtOChoP were >1 ng/mL (n=44). Moreover, for samples with PEth >200 ng/mL (n= 42, classed as heavy
drinkers), most concentrations of EtOChoP were >6 ng/mL (n=34). Overall, there was a strong, statistically signif-
icant correlation between PEth and EtOChoP concentrations in whole blood, with a Spearman correlation coeffi-
cient, r_of 0.848 (p<0.001).

Conclusion: The presence of EtOChoP in samples where PEth was detected, and its absence in teetotallers show that
it can be considered as a promising new biomarker for alcohol consumption. The detectability of EtOChoP in differ-
ent matrices is possibly different compared to established alcohol biomarkers EtOH, EtG/EtS and PEth, suggesting a
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different detection window with potential usefulness to help establish drinking behaviour of an individual. Neverthe-
less, future studies are needed to determine the true potential of EtOChoP as an alcohol consumption biomarker.

Prevalence of substance use identified in oral fluid and hair within a large-scale
US court-ordered mandatory drug testing population

JeriD. Ropero-Miller, Megan Grabenauer, Katherine M. Bollinger, Nicolas J. Richardson, David C. Heller
RTl International, Research Triangle Park, USA

Background & Aims: Substance use disorders (SUDs) in the United States are wreaking havoc on the nation, as
evidenced by the increase in law enforcement drug seizures and overdose deaths. A major issue contributing to
overdoses is suppliers mixing substances with deadly consequences.

Approximately 65% of the U.S. prison population has an active SUD (NIDA, 2020)[1]. Court-ordered mandatory drug
testing (COMDT) is frequently conducted in correctional settings to determine abstinence compliance or usage
history (e.g., probation, parole, custody). Furthermore, prevalence data using oral fluid and hair testing is sparse.
Currently, hair testing routinely performed at large commercial laboratories does not include testing for fentanyl
and its analogues.

This observational study seeks to provide timely, evidence-based intelligence on growing rates of drug use and
patterns of substance use in individuals enrolled in COMDT programs.

Methods: Phase | of this study analyzed over 400 hair specimens for fentanyl; a selection of fentanyl analogues;
and other drugs such as cocaine, methamphetamine, and codeine by liquid chromatography-tandem mass spec-
trometry (LC-MS/MS). These hair samples were submitted from a COMDT laboratory and previously analyzed at this
laboratory from November 2020 through February 2021. Any hair specimens that were positive for opioids on the
LC-MS/MS were also analyzed by non-targeted high-resolution mass spectrometry. Hair specimen positivity rates
in COMDT were calculated with and without inclusion of fentanyl and fentanyl-related compounds to determine
the effect on overall positivity rate when fentanyl targets were included in the hair-testing protocol.

Phase Il of this study was a retrospective analysis of 5 years of COMDT data from oral fluid and hair collected from
201510 2019 in nationally represented COMDT programs. Specimens were screened by immunoassay and confir-
matory testing (LC/MS/MS, HRMS) was performed on a subset of oral fluid and all hair positive specimens. Sta-
tistical relationships such as direct statistical inference to the larger population of all COMDT specimens during
same time period and during any time period; and direct estimates of the prevalence of positive drug tests among
the analysis pool were determined. Specimens in the historical dataset were tested for misused substances by
screening with immunoassay and confirmatory testing was performed on a subset of oral fluid and all hair positive
specimens. The prevalence of positive drug tests among different demographic groups of the analysis pool and the
positivity rates of oral fluid confirmation with and without fentanyl were calculated.

Results & Discussion: COMDT drug prevalence data can be compared to other prevalence data such as U.S. work-
force testing. 959,237 oral fluid and 65,645 hair specimens were analyzed for misused substances representing a
random, national COMDT sampling from 2015 to 2019. Amphetamines, opioids, cocaine, benzodiazepines, can-
nabinoids, and phencyclidine were detected. The screening positivity rate in oral fluid was 34.0% with 7.8% total
confirmed, whereas the hair overall positivity rate was 56.0%. This is up to 5 times higher than oral fluid and hair in
a U.S. workforce population during similar time period (10.2% and 10.9%, respectively; Quest Diagnostics, 2018)
[2]. Representative drug combination positivity rates were also determined

Conclusion: This is the first large-scale drug prevalence study in a COMDT population. These results can serve as an
early warning to help legal systems and public safety programs support treatment for SUDs.

[1] Center on Addiction, Behind Bars Il: Substance Abuse and America's Prison Population, February 2010. https://
files.eric.ed.gov/fulltext/ED509000.pdf.

[2] Quest Diagnostics Drug Testing Index, 2018 https://www.questdiagnostics.com/content/dam/corporate/re-
stricted/documents/employer-solutions/Drug-Testing-Index-2018---web.pdf.

Dental calculus as alternative matrix - evaluation of drug findings in eight postmortem cases

Merja A. Neukamm?', Kerstin Henkel’, Volker Auwérter’, Markus J. Altenburger?

'Institute of Forensic Medicine, Medical Center - University of Freiburg, Faculty of Medicine, University of Freiburg,
Freiburg, Germany. ?Department of Operative Dentistry and Periodontology, Medical Center - University of
Freiburg, Faculty of Medicine, University of Freiburg, Freiburg, Germany
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Background & Aims: Mineralized biofilm (calculus) develops when established biofilm on the tooth is not suffi-
ciently removed over weeks and subsequently minerals from saliva are deposited on and in the biofilm. The result is
avery resistant, stony, porous substance that can only be removed with dental tools. Archaeological findings have
shown that calculus can still be collected and analyzed from skeletons that are years or even centuries old. The aim
of this study was to provide insight into the mode of drug deposition in calculus and to evaluate its potential as an
alternative matrix for detecting drug ingestion.

Methods: In eight toxicologically interesting postmortem cases, calculus was collected via dental scaler in addition
to the usual postmortem matrices femoral vein blood, heart blood, and urine. Drugs were extracted from calculus
by ultrasonication in acetonitrile from unground calculus and after pulverization (BeadBug). Both extracts were an-
alyzed separately by liquid chromatography-tandem mass spectrometry (LC-MS/MS, Shimadzu UHPLC, Sciex QTrap
5500 mass spectrometer, Phenomenex Luna PFP column) in multiple reaction monitoring mode (MRM). Cultivated
biofilm was used as blank matrix for calculus calibration.

Results & Discussion: A total of 39 drugs and metabolites were detected either in calculus, blood or urine. In one
case 13 analytes were detected in calculus (12 of them in blood and 11 in urine). Suprisingly, one case showed
opiates only in calculus but not in blood or urine. Moreover, piritramide, which is a rather unstable analyte, was
detectable in calculus - but not in the body fluids - in two cases. This could indicate a stabilizing property of calcu-
lus as postmortem matrix. Other analytes found only in calculus were ambroxol, a metamizol-metabolite (4-AAA),
levetiracetam and lidocaine (possibly due to oral intake as lozenges, drops or solutions). For most drugs, a compa-
rably high concentration in calculus corresponds to a comparably high concentration in blood, with the interesting
exception of benzodiazepines, showing high concentrations in calculus and rather low concentrations in blood.
The extraction yield of unground calculus was mostly higher than that of the subsequently pulverized calculus. This
indicates that drugs are deposited on the mature calculus, as well as in deeper layers, probably during calculus
formation.

Conclusion: Dental calculus can be a useful addendum to the postmortem analytical portfolio especially for unsta-
ble compounds. Drugs seem to be deposited both by contact with calculus and during calculus formation, suggest-
ing awide time window for drug detection.

Scientific Session 5 - Hair analysis |, joint with SOHT
08:30 - 10:00 Wednesday, 4t September, 2024

Chair: Alberto Salomone, Tina Binz

Cortisol in hair as a stress biomarker in pregnant women and its correlation with
demographics and clinical outcomes

Rachel Calvagna', Melissa Orr', Mamta Fuloria??, Maureen J Charron?®, Marta Concheiro!
'John Jay College, CUNY, New York, USA. ?The Children's Hospital at Montefiore, New York, USA. *Albert Einstein
College of Medicine, New York, USA

Background & Aims: Cortisol is a steroid hormone that regulates the human stress response. Exposure to stress
during pregnancy can have deleterious health effects on the mother such as shortened gestation and on the risk of
neurodevelopmental and cardiometabolic disease across the life course. Hair is an ideal matrix for analysis of cor-
tisol levels because it allows for its evaluation for an extended time period, and it is drastically less affected than
blood, saliva or urine by circadian variations. The goals of this study were three-fold: 1) to develop and validate an
analytical method for cortisol in hair; 2) its application to determine cortisol concentrations in hair samples from
pregnant women at the end of pregnancy; and 3) to correlate cortisol hair concentrations and maternal and neona-
tal demographics and clinical outcomes.

Methods: Due to the endogenous nature of cortisol, the analytical method was performed using 13C3-labeled
cortisol as a surrogate analyte. Hair samples were decontaminated with water and acetone. After overnight drying,
10 mg of hair was snipped into small pieces (< 1 mm) and incubated in methanol in an ultrasound bath at 55°C for
90 min and at room temperature overnight. The extract was evaporated, reconstituted, filtered (PES filter vials) and
analyzed in electrospray in negative mode via liquid chromatography tandem mass spectrometry (LC-MSMS). The
chromatographic column was a C18 column, and the mobile phase was 0.1% formic acid in water and methanol

in gradient mode. The method was applied to a cohort of 114 pregnant persons who delivered at Jack D. Weiler
Hospital in the Bronx, NY between 5/11/22-1/26/23 (NICHD; 3R01HD092533-05S1 'Impact of COVID-19 and
Structural Racism on Maternal Mental Health' study). Hair samples were segmented in one (n=42), two (n=3) or 3
(n=69) segments to investigate cortisol levels throughout pregnancy. Segment length varied depending on the type
of sample; one-segment samples had a length of 1 to 9 cm, and the two- and three-segment samples had a length
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of 3 cm. Atotal of 255 segments were analyzed. Chi square or Fisher's exact test were used to assess associations
between categorical variables. T-test, ANOVA or Pearson's correlations were used to assess associations between
categorical and continuous variables, as appropriate.

Results & Discussion: The method was linear (n=5) from the limit of quantification at 1 pg/mgto 500 pg/mg. Im-
precision (n=15) was less than 18% and bias (n=15) was between -9.6 to -1.0 % at three quality control levels (3, 30
and 300 pg/mg). No matrix effect was detected (n=8), and extraction efficiency was 76% (n=8). Out of the 255 seg-
ments analyzed, most of the segments had cortisol concentrations between 1 and 100 pg/mg(n=227), between 100
and 500 pg/mgin 12 segments, above 500 pg/mgin 10 segments, and no cortisol in 6 segments. The average and
median cortisol concentrations in the most of the segments (n=227) was 13+15 pg/mgand 6.2 pg/mg. Among the
cases with 3 segments representing the first, second and third trimester (n=69), statistically significant differences
were observed throughout pregnancy. An increase in cortisol concentrations was observed throughout pregnancy
if cortisol concentrations were below 100 pg/mg, but a decrease was observed if concentrations were above 100
pg/mg. Significantly higher cortisol concentrations were observed in non-Hispanic white participants compared to
other races and ethnicities, in women with higher pre-pregnancy BMI, and if they received or applied for unem-
ployment insurance. No correlations were observed with most of the clinical outcomes, including gestational age
and birthweight. However, significantly higher cortisol concentrations were measured in women who gave birth to
appropriate size for gestational age newborns compared to intrauterine growth restricted neonates.

Conclusion: A sensitive and specific method for the determination of cortisol in hair was developed and validated,
achievinga LOQ of 1 pg/mg using 10 mg of hair. Varying cortisol concentrations were measured in 114 pregnant
women, from none detected to concentrations above 500 pg/mg. Although cortisol hair concentrations correlated
with race/ethnicity, BMI, and insurance status, no statistically significant correlations were found with most of the
clinical outcomes.

Advancements in forensic hair analysis using UPLC- Q-TOF and UPLC-MS/MS$S
demonstrated via a case report concerning synthetic cathinone abuse

Maria del Mar Ramirez Fernandez, Sarah M.R. Wille, Vincent Di Fazio, Joy Eliaerts, Nele Samyn
National Institut of Criminalistics and Criminology, Brussels, Belgium

Background & Aims: The primary challenge in detecting New Psychoactive Substances (NPS) lies in their rapid
evolution and diversification. As manufacturers modify chemical structures to create new variants, existing detec-
tion methods may become quickly obsolete. This makes it difficult for forensic laboratories to keep their analysis
protocols up to date and for drug control agencies to effectively identify and regulate these emerging substances.
According to EMCCDA [1], a surge in the availability and production of synthetic cathinones in Europe is evi-
denced. Common examples include mephedrone and methylone. Through the generic legislation of 6 September
2017, in Belgium most NPS have been regulated thanks to a generic structure classification including the synthet-
ic cathinones. In 2022, nearly 5000 hospital samples primarily containing various NPS were reported. Belgium

is experiencing a growing prevalence of cathinone abuse. Alpha-pyrrolidinopentiophenone (a-PVP), alpha-pyr-
rolidino-hexiophenone (a-PHiP), but recently also alfa-pyrrolidino-cyclohexylphenone (c-PCyP) are known by
their street name, Flakka. Recently Belgium recorded 121 cases of hospitalizations related to Flakka. a-PHiP or
o-PHP was detected in 98% of these biological samples with occasional difficulty in distinguishing between the
two substances analytically [2]. In this sense, it is imperative to establish a robust and efficient screening method
for hair analysis due to its numerous advantages. Hair analysis offers a longer window of detection compared to
other biological samples, allowing for retrospective monitoring of substance use over an extended period. With

its ability to provide valuable insight into long-term drug exposure, hair analysis emerges as a promising tool in the
identification and monitoring of NPS consumption, complementing traditional forensic methods. Additionally, hair
analysis can aid in identifying trends in drug consumption, facilitating a better understanding of shifting patterns
and behaviours within populations. However, given the limited sample quantity typically available in hair analysis,
the routine analysis method must be efficient to maximize the utility of the sample. This study aims to enhance the
detection of NPS in hair samples using Time-of-Flight (QTOF) mass spectrometry and Ultra-Performance Liquid
Chromatography Tandem Mass Spectrometry (UPLC-MS/MS). An example of the workflow is given via a case report
for which abuse of Flakka was suspected.

Methods: Hair samples were segmented and decontaminated with dichloromethane, water, and methanol. Twenty
milligrams of hair sample were pulverized and incubated with methanol (0.05% formic acid) under sonication at
45°C for 3 hours. After centrifugation, the supernatant was filtered, evaporated, and reconstituted in an ammoni-
um formate buffer. The same extract was analysed with the Quadrupole Time of Flight (Q-TOF) screening method
and UPLC-MS/MS quantitative methods.

TIAFT 2024 ST.GALLEN SWITZERLAND 51

SOHT O-2



SOHT O-3

Results & Discussion: Although the Q-TOF routine screening method and library were initially based on a commercially
available platform (Waters), collaboration with our institute's drug department has led to significant improvements
and updates following trends and including NPS. This collaborative effort has greatly enhanced the reliability of routine
toxicology results. In routine analysis, hair samples are systematically screened and quantified using our established
methods. Despite the limited amount of hair available, utilizing the same extract for both screening and quantification
enables us to maximize results, especially when detecting numerous compounds in a single extract. This approach
significantly increases the likelihood of detecting a wide range of substances, including NPS. This was illustrated with
recent detection of synthetic cathinones in our laboratory. The analysis of a hair sample from a post-mortem case
revealed the presence of a-PVP, and a-PHiP across all segments (hair strand of 36 cm), alongside other substances.
Notably, Q-TOF analysis facilitated the distinction between a-PHiP and a-PHP, providing enhanced specificity. The
compounds were afterwards quantified via UPLC methods resulting in: (a) midazolam in the first segment at 8 pg/

mg suggesting recent administration; (b) mirtazapine ranging from 2-6 pg/mg along the hair strand. (c)a-PVP ranging
from 26 to 474 pg/mg, a-PhiP concentrations higher than the Upper Limit of Quantification (ULOQ) (1250 pg/mg); (c)
increasing concentrations from root to tip were observed for pregabalin (139-1793 pg/mg), tramadol (614-higher than
the ULOQ (56000 pg/mg)), ketamine (69-1103 pg/mg), and cocaine (119-925 pg/mg) and their metabolites.

Conclusion: Our study highlights the benefit of analyzing hair samples to monitor for a range of drugs as poly-drug
use is areality in case work. It also demonstrates the value to monitor trends to be able to update Q-TOF librar-

ies and UPLC-MS/MS techniques. The ability to distinguish closely related compounds such as a-PHiP and o-PHP
underscores the importance of advanced analytical methods in forensic toxicology. Due to its wider detection win-
dow of hair compared to other biological matrices, hair analysis provides valuable insights into NPS abuse patterns,
assisting law enforcement and public health efforts to combat the spread of these dangerous substances.

[1] https://www.emcdda.europa.eu/publications/european-drug-report/2023/drug-situation-in-europe-up-
to0-2023_en.

[2] Flakka: one to keep an eye on¢ Severe, poly-drug intoxications involving 'Flakka': A compilation of Belgian case
reports. M. Balcaen, N. De Brabanter, N. Verougstraete, C. Lyphout, AS. Decavele, O. Heylen, K. Croes, M. Degreef.

Hair analysis as an epidemiological indicator to assess the drug situation in Europe

Christina Ververi'?, Jodo Matias®, Pamela Dugues*5, Jean-Claude Alvarez*®, Daniel Martins®, Olesia Rudminiené’,
Enrico Gerace'?, Marta Massano'?, Alberto Salomone'?, Islam Amine Larabi*®

"University of Turin, Turin, Italy. 2Centro Regionale Antidoping, Orbassano, Italy. *European Monitoring Centre for
Drugs and Drug Addiction, Public Health Unit, Lisbon, Portugal. “Department of Pharmacology and Toxicology,
Raymond Poincaré Hospital, Garches, France. *{UVSQ-Paris-Saclay Université, Centre for Research in Epidemiology
and Population Health (CESP), Team MOODS, Paris, France. Kosmicare, Lisbon, Portugal. ’NTAKD, Drug, Tobacco
and Alcohol Control Department, Vilnius, Lithuania

Background & Aims: New Psychoactive Substances (NPS) are accumulating in the illicit market and are (un)con-
sciously used in combination with common drugs of abuse (DoA), alcohol, and pharmaceuticals thus complexing
their detection in biological samples, the understanding of (in)direct health effects, and interpretation of the
analyses. The EMCDDA uses several approaches like wastewater or syringe residue analysis as indirect indicators to
assess the drug situation in Europe. The aim of this pioneer study was to evaluate hair testing as an effective tool
for monitoring the consumption of DoA and NPS, in different at-risk populations, while combining it with an inno-
vative harm reduction intervention.

Methods: This multicenter research took place in 2022 and early 2023 in four different countries: Italy, France,
Portugal, and Lithuania. People who use drugs were approached at drug-checking services, music festivals and
raves, and were asked to donate a hair sample and to fill a web-survey to report information about the substances
consumed in the previous months and patterns of use.

In total, 432 samples were collected and analyzed. When the hair was longer than 6 cm, it was divided in two seg-
ments up to 12 cm. A total of 672 segments was obtained. The analyses were performed with targeted screening of
more than 150 substances by UHPLC-MS/MS and untargeted screening by LC-HRMS.

Results & Discussion: In the Italian territory, cocaine (68%), cannabis (50%), MDMA and ketamine (32% each) and
heroin (26%) were the most prevalent substances, while synthetic cathinones and synthetic opioids were less fre-
quently identified. Mephedrone, buphedrone and eutylone were detected in people who declared recent use (n=3)
and past use (n=9) of MDMA and amphetamines; two people tested positive for recent use of mephedrone even
though they did not declare it. Ketamine, MDMA and tramadol were often identified in samples collected from indi-
viduals who did not report any exposure to these substances.
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In France, a total of 229 parent drugs and their metabolites were identified. The substances most frequently found
were cocaine (96%), followed closely by ketamine (94%), MDMA (93%), and cannabinoids (90%). NPS were detected
in 62 individuals, encompassing 44 distinct NPS. Among these, the most commonly encountered were 3-MMC (21
cases), DCK (17), 2F-DCK (16), dimethylpentylone (10), and both 3-FPM and mephedrone appearing 8 times each.

In Lithuania, the same pattern is repeated with cocaine (27%), MDMA (26%) and cannabis (22%) being the most
used while ketamine (12%) and amphetamine (8%) following. Mephedrone (n=6) was detected mainly in combina-
tion with cocaine but also alone and N-ethylpentylone in one sample together with cocaine and MDMA. 2-FDCK
(n=4) was detected in three cases together with cocaine. No heroin use was detected. Lastly, trazodone (n=7) was
mainly detected as a single substance apart from two cases in which it was also found 2C-B and once amphet-
amine. The latter one was detected only once again together with MDMA and ketamine.

Aninteresting aspect is noticed in Portugal: MDMA (60%) is by far the most prevalent substance followed by ket-
amine (47%) while cocaine and cannabis were detected at 31% each. Amphetamine (18%) and mephedrone (2%)
complete the detection window. Tramadol (n=1), mescaline (n=2) and harmine (n=3) were mainly detected in com-
bination with other drugs.

Conclusion: The identification of substances in biological matrices in diverse populations is essential to obtain an over-
view of the diffusion of the substances around Europe, to understand which is the drug prevalence and trade patterns
followed as well as their effects on human health. While not being representative of the general population, this innova-
tive approach based on two complementary methods provides valuable additional information about variations in use
among different groups of people who use drugs. This study confirmed some of currently observed trends in drug use

in Europe, with several stimulants (cocaine, MDMA) being prevalent in all participating countries, while highlighting
(and confirming signals from other data sources) on the recent increase use of ketamine and synthetic cathinones.

Chiral analysis of ketamine in hair by UHPLC-MS/MS

Xin Wang, Zhen Zhang, Ping Xiang
Academy of Forensic Science, Shanghai, China

Background & Aims: Ketamine is usually available as a racemate and has been been used in clinic, which has im-
portant medical values such as anesthesia. However, due to its severe psychotic side effects and addictive nature,
ketamine is classified as a controlled substance in most countries. Ketamine exists in two enantiomers: R-ketamine
and S-ketamine. However, the enantiomers exhibit different biological activities. The S-ketamine was shown to

be more potent than the R-ketamine and exhibits a higher clearance and faster anesthetic recovery compared to
R-ketamine or racemic mixture. Spravato (esketamine) nasal spray was approved for treatment-resistant depres-
sion by the the U.S. Food and Drug Administration, and was also approved for marketing in China in 2023. There-
fore, the prevalence of S-ketamine will increase and the demand for analytical techniques has intensified. Hair has
the advantage of providing a long drug detection window, which can be useful for the retrospective verification of
drug exposure in forensic toxicology and clinical toxicology. Furthermore, hair samples present desirable char-
acteristics, such as being non-invasive, painless and relatively simple to sample, and difficult to adulterate. It can
also be stored at room temperature. Therefore, the chiral analysis of ketamine in hair can differentiate the intake
of illegal (racemic or a single enantiomer) drugs and clinical medications containing another single enantiomer or
identify the source of the abused ketamine. The aim of this study is to develop and validate a chiral analysis of ket~
amine in hair using ultra-high-performance liquid chromatography-mass spectrometry (UHPLC-MS/MS) method.

Methods: To establish a UHPLC-MS/MS method capable of quantifying two enantiomers in hair, various conditions
were evaluated, including the assessment of several mobile-phase compositions, elution conditions, and chiral
columns. Finally, chromatography was performed at 40AT72395_TYPOTRON_Pantonefarben_Schlussblatt.pdf

on a Lux Cellulose-3 chiral column (150 x 4.6 mm, 3 um) . The mobile phase A was 20 mmol/L ammonium acetate
buffer mixed with 0.1% formic acid, and the mobile phase B was methanol. Isocratic elution (20% A and 80% B) was
performed at 0.3 mL/min, with a total run time of 10 min. The extraction efficiencies were compared in authentic
hair samples using four extraction solvents: methanol, acetonitrile, methanol:acetonitrile (1:1, v/v) , and a 25:25:50
(v/v/v) mixture of methanol/acetonitrile/2 mM ammonium formate (8% acetonitrile, pH 5.3). The results indicat-
ed that methanol yielded the most optimal peak shapes, the most effective separation of R- and S-ketamine, and
the highest extraction efficiency. The hair sample was washed three times with acetone. After drying, hair sample
was cut into pieces, and 20 mg was weighed. The hair sample was then extracted with methanol utilizing cryogenic
grinding. The samples were centrifuged at 9700 x g for 3 min, and 5 pL of the supernatant was injected into the
UHPLC-MS/MS system. Ketamine-d4 was used as the internal standard.

Results & Discussion: The limits of detection and quantification of both enantiomers were 4 pg/mgand 5 pg/mg,
respectively. The linearity ranged from 5 pg/mgto 1000 pg/mg for both analytes. Precision remained below 10%
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for both analytes, while accuracy was within the range of 90.2%~109.1%. Extraction recoveries ranged from 72%
to 112%, and matrix effects ranged from 51% to 104%. This method was applied to the quantifying R- and S-ket-
amine in 45 authentic hair samples from forensic cases. The concentrations of R-ketamine in hair ranged from 30
t0 552,666 pg/mg, with a median of 751 pg/mg, while S-ketamine concentrations in hair ranged from 31 to 443,234
pg/mg, with a median of 815 pg/mg. The ratio of R-ketamine to S-ketamine was in the range of 0.8~1.4, with a
median of 1.2. Analysis of 13 hair samples from individuals coming from Myanmar revealed a ratio of R-ketamine to
S-ketamine ranging from 1.2 to 1.4 (n=13), with a median of 1.3, suggesting a slightly high proportion of the R-ket-
amine enantiomer in this region. This finding may assist in identifying the source of the abused ketamine.

Conclusion: A quantitative method for the chiral separation of ketamine has been established, which is the first
time to analyze ketamine enantiomers in human hair by UHPLC-MS/MS. This method has the potential to aid in
exploring the source of ketamine use (racemic or a single enantiomer). While our findings are based on a limited
number of abuse cases, they nonetheless provide valuable insights into this complexissue.

Using a hair reference material as a benchmark to evaluate drug testing performance in
five US hair testing laboratories and work towards harmonization and consensus.

Svante Vikingsson', E Dale Hart', Ruth E Winecker', Eugene D Hayes?, Ronald R Flegel?, Lisa S. Davis?
'RTl International, Research Triangle Park, NC, USA. 2Substance Abuse and Mental Health Services Administration,
Rockville, MD, USA

Background & Aims: Hair is a solid matrix and in hair drug testing, the analytes must be liberated from the hair
either by extraction or digestion. Poor recovery in this process leads to lower results which cannot be compensat-
ed by an internal standard or calibrators, as they cannot be incorporated into the hair but are instead added to the
surrounding liquid. It is almost impossible to accurately measure the actual recovery in hair extractions/digestions,
and therefore difficult to determine true drug concentrations in hair for reference. This also makes it difficult for
laboratories to determine recovery during extraction/digestion and hence to identify methods needing improve-
ment.

National Laboratory Certification Program (NLCP) studies and the Society of Hair Testing (SoHT) PT program show
wide variability in hair quantifications between hair testing laboratories. NLCP studies indicate that this variabil-
ity is primarily driven by systematic biases between the laboratories. Our hypothesis is that the observed be-
tween-laboratory variability is driven by variable recovery of drug from the hair matrix in different protocols and
not by inhomogeneous distribution of drug in the hair samples.

It is important that all laboratories in a regulated drug testing program get the same result for a given sample,
especially when cutoff concentrations are mandated. The aim of this study was to explore the differences between
laboratories by submitting the same sample, containing multiple drug challenges, to five different US hair laborato-
ries to compare the results.

Methods: A hair reference material was provided to five US hair laboratories for analysis and results were com-
pared between and within laboratories. The selected hair reference material was TricoCheck® CTRL H 20 multi-
CONTROL from Comedical® (Trento, Italy), containing 36 drug analytes in 7 drug classes. The material was supplied
as snippets which likely precluded decontamination in some laboratories.

Laboratories were instructed to quantify 14 analytes, including cocaine, benzoylecgonine, cocaethylene, norco-
caine, codeine, morphine, 6-acetylmorphine, oxycodone, fentanyl, methamphetamine, amphetamine, MDMA,
MDA, and THC-carboxylic acid (THC-COOH). The analysis was repeated five times in five separate analytical batch-
es. Processing of hair included acidic and basic digestions, production of snippets and pulverization of hair. Most
laboratories followed this by a clean-up step using solid phase extraction and LC-MS/MS. Liquid/liquid extractions
and GC-MS were also used.

Laboratory results were compared with assigned values and acceptable ranges (£35%) provided by the manufac-
turer, as well as the results from the other laboratories. After analysis, laboratories were provided with a report of
their results for self-assessment and potential method improvements.

Results & Discussion: Almost all the requested results were obtained. Two laboratories did not report results for
all analytes as some were outside their scope. Another laboratory only reported three or four replicates for six
analytes. In general, the results from three of the laboratories agreed well with those from the manufacturer with
mean results for 12/14, 10/14 and 9/13 analytes within manufacturer ranges. The other laboratories appeared to
have lower recovery with results for only 1/14 and 2/9 analytes within manufacturer ranges. It is encouraging that
results from the three laboratories with higher recovery quantitated within the manufacturer's acceptable ranges,
even though the laboratories used different methods including both digestion and extraction. That similarly high
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recoveries (perhaps close to 100%) could be obtained with different extraction/digestion techniques indicate that
harmonization of hair drug testing results through benchmarking is achievable.

For benzoylecgonine, cocaethylene, fentanyl and THC-COOH, laboratory results were generally higher than those
of the manufacturer, indicating that the laboratories may have better recoveries than in the manufacturer testing,
but could also indicate a calibration issue.

The evaluation also revealed other method artifacts that would have been difficult to discover otherwise. One
laboratory reported 172% recovery for morphine and 56% recovery for 6-acetylmorphine, likely due to conversion
6-acetylmorphine to morphine during extraction/digestion. Similarly, low results for amphetamines in several labs
could be caused by loss of analyte during extraction/digestion.

The laboratories were provided with a report of their results compared to manufacturer data, and a list of refer-
ences with methods for optimizing recovery of different analytes from the hair matrix. The laboratories were also
offered additional aliquots of the reference material to be used in method development and improvement. As a
next step, we plan to follow up with more challenges to re-evaluate laboratory performance after they have had
sufficient time to make improvements to their methods.

Conclusion: The study shows that similar results can be achieved even when laboratories use different extraction/
digestion methods. Allowing multiple methods, as opposed to requiring a standard extraction or digestion method,
enables laboratories to harmonize while retaining different scientific approaches to pursue the most cost-effi-
cient solutions.

By comparing laboratory data to a benchmark, and reporting this back to the laboratories, laboratories could eval-
uate their methods and make improvements. This strategy could be further leveraged to promote harmonization
between hair testing laboratories that participate in PT and accreditation programs.

Evaluation of the influence of keratin hair straightening on the detection of xenobiotics,
illustrated with caffeine and endogenous GHB- preliminary study.

Karolina Nowak'?, Pawet Szpot?*?, Marcin Zawadzki*?

'Department of Pharmacology, Faculty of Medicine, University of Opole, 48 Oleska Street, Opole, Poland. ?Insti-
tute of Toxicology Research, 45 Kasztanowa Street, Borowa, Poland. *Department of Forensic Medicine, Faculty of
Medicine, Wroclaw Medical University, 4 J. Mikulicza-Radeckiego Street, Wroclaw, Poland. *Department of Social
Sciences and Infectious Diseases, Faculty of Medicine, Wroclaw University of Science and Technology, 27 Wybrzeze
Wyspianskiego Street, Wroclaw, Poland

Background & Aims: For several years, keratin hair straightening has gained popularity as a treatment aimed at
maintaining straight, more manageable, and frizz-free hair for an extended period, typically up to 5 months, there-
by enhancing its overall health appearance. The procedure involves an initial hair washing step, which facilitates
the opening of hair pores, thereby promoting enhanced adherence of keratin protein to the hair shaft. Subse-
quently, a serum containing hydrolyzed keratin and other adjunct substances is uniformly applied until all hair
strands are coated. The treated hair is then subjected to blow-drying and flat-ironing to effectively seal the keratin
onto the hair structure. Due to concerns over the presence of carcinogenic formaldehyde or its derivatives in some
products, which were previously utilized in the binding process of hydrolyzed keratin, these have now been substi-
tuted with non-formaldehyde alternatives, commonly referred to as safe keratin treatments (SKT).

The objective of this study was to evaluate the impact of keratin hair straightening on the detectability of xeno-
biotics, specifically by comparing the concentrations of caffeine and endogenous gamma-hydroxybutyrate acid
(GHB) before and after the treatment. Additionally, this research aims to present the concentrations of caffeine in
individual who do not consume coffee, but consume 2-3 cups of green tea daily, as well as who ingest capsules with
caffeine (averaging 3 capsules daily, each containing 200 mg) and sporadically consume energy drinks containing
caffeine (a few cans per month).

Methods: Two strands of undyed blond hair were collected from the occipital region of the scalp of a single individ-
ual. The first sample was obtained one day prior to a keratin hair straightening treatment, and the second sample
was collected one month after the procedure. No additional hair care treatments were performed between collec-
tions, except for routine hair washing. The keratin hair straightening procedure was conducted in a professional
salon using a product devoid of formaldehyde and its derivatives. Both hair strands underwent decontamination
procedures, followed by division into 1.5-centimeter segments (for the post-treatment hair strand, the segment
0-1cm was discarded due to hair growth between collections). After grinding and preparation of aliquots for each
segment, the hair samples were subjected to methanol extraction for 16 hours at 60°C. To eliminate matrix effects,
concentrations of caffeine and endogenous GHB were determined using the isotope dilution method employing
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caffeine-d3 and GHB-dé standards. Gas chromatography coupled with tandem mass spectrometry (GC-QqQ-MS/
MS) and multiple-reaction monitoring (MRM) mode was utilized for analysis. To enhance selectivity, determination
of GHB and GHB-dé6 was performed after prior sample derivatization using N-tert-Butyldimethylsilyl-N-methyltri-
fluoroacetamide with 1% tert-Butyldimethylchlorosilane (MTBSTFA + 1% TBDMSCI).

Results & Discussion: The concentration of endogenous GHB in 1.5 cm segments of hair, before the treatment,
ranged from 1.2 to 4.1 ng/mg, whereas post-treatment concentrations ranged from 0.8 to 1.3 ng/mg of hair. The
difference (decrease in concentration) between pre-treatment hair segments compared to post-treatment seg-
ments ranged from 0.4 to 3.1 ng/mg.

The concentration of caffeine in 1.5 cm segments of hair, before the treatment, ranged from 1.2to 9.2 ng/mg,
while post-treatment concentrations ranged from 1.9 to 9.3 ng/mg of hair. The difference (increase in concentra-
tion) between post-treatment hair segments compared to pre-treatment segments ranged from 0.1 to 1.5 mg/g.

In all compared hair segments, the concentration of endogenous GHB decreased after the keratin hair straight-
ening treatment, whereas the concentration of caffeine increased in each of the compared segments post-treat-
ment. The decreasing concentration of endogenous GHB may result from the incorporation of hydrolyzed keratin
into the hair, leading to increased hair mass (dilution effect). Information regarding hair care prior to toxicological
analysis can significantly influence the interpretation of results, including falsely negative or underestimated re-
sults.

The increase in caffeine concentration in segments collected post-treatment likely stems from caffeine being one
of the components of the product used for keratin hair straightening, and during the procedure, it may have been
incorporated into the hair structure along with hydrolyzed keratin. This is valuable information in the context of
using hair or scalp care products containing various substances, which, analogous to caffeine, could deposit in the
hair and result in falsely elevated or falsely positive results.

Conclusion: Cosmetic procedures performed on hair, not limited to dyeing, can affect the detection of xenobiot-
ics and alter their concentrations in hair. This appears to be particularly relevant in the context of single exposures
to specific substances, such as in cases of drug-facilitated sexual assault (DFSA). Therefore, in addition to con-
ducting toxicological tests correctly, it is crucial to gather detailed history from the individual from whom the hair
sample was obtained for testing and to interpret the results appropriately based on all available information.

To confirm the obtained results, further cases should be examined, including individuals with different hair colors
or individuals with dyed hair subjected to keratin hair straightening.

Analyte recoveries from intact and powdered authentic hair at different extraction
conditions.

Robert Kronstrand, Markus Roman, Gerd Jakobsson
National Board of Forensic Medicine, Linkoping, Sweden

Background & Aims: The pretreatment of hair samples is known to influence the quantitative values of drugs and
metabolites because the recovery of analytes from the hair matrix differs between procedures. It is difficult to
investigate absolute recovery from authentic hair samples since the true concentrations are unknown. However,
exhaustive, or repeated extraction can give an idea of when the recovery has reached a plateau and comparisons
between different procedures using the same authentic hair can help showing superiority of one procedure over
another. So far, a standard protocol for the extraction of drugs from hair has not been proposed. In this investiga-
tion we aimed to compare different extraction conditions for a range of compounds and find a procedure working
for as many compounds as possible.

Methods: A pool of authentic hair was used for the comparisons. Each experiment was performed using dupli-
cates or triplicates of 20 mg hair that were extracted using a mixture of 500 pL formate buffer:acetonitrile:meth-
anol (80:10:10). When powdered, four metal beads were used in each sample tube. Powdering was performed in
a Lysera bead mill homogenizer (Biotage). The powdering procedure was investigated by varying agitation speed
(1.0,2.1,3.1,4.0,and 5.3 m/s) and extraction time (1, 3, 6, 9, 12, and 15 min) with one set of experiments also
comparing against incubation at 37 °C for 18 hours with both intact and powdered hair. Before analysis with liquid
chromatography time of flight mass spectrometry (LC-QTOF-MS), the samples were filtered in a 0.2 pm Captiva
RC filter vial (Agilent). LC-QTOF-MS was performed with an Agilent 6546 QTOF instrument equipped with a Jet
Stream interface for electrospray ionization in combination with an Agilent 1290 Infinity LC instrument. Mobile
phase A consisted of 0.05 % formic acid in 10 MM ammonium formate and mobile phase B consisted of 0.05 %
formic acid in acetonitrile. High-resolution separation was achieved within 12 min by stepwise linear gradient
chromatography (1 % mobile phase B for 0.5 min, 5-50 % mobile phase B for 7.5 min, 50-95 % mobile phase B for
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2 min, 95% mobile phase B for 1 min, 1 % mobile phase B for 1 min) at a flow rate of 0.5 mL/min on a Waters Ac-
quity HSS T3 column (150 mmx2.1 mm, 1.8 um) maintained at 60 °C. Data were acquired in auto MS/MS mode, m/z
range 50-1,000, with a scan rate of 3 spectra per second (MS) and m/z range 40-900, with a scan rate of 2 spectra
per second (MS-MS).

Results & Discussion: Using a total score >90 and a peak area >15,000 initial analyses revealed that 37 drugs and
metabolites were identified in the hair pool from both intact and powdered hair incubated for 18 hours. The ana-
lytes identified were 6-acetylmorphine, acetaminophen, alimemazine, amphetamine, bensoylecgonine, caffeine,
carbamazepine, citalopram, clozapine, cocaine, codeine, cotinine, desmethylcitalopram, desmethylclozapine,
desmethylmirtazapine, dextromethorphan, dextropropoxyphene, didesmethyltramadol, diazepam, hydroxychlo-
roquine, hydroxyzine, lidocaine, MDMA, methadone, methamphetamine, metoprolol, mirtazapine, moclobemide,
N-desmethyltramadol, nicotine, O-desmethyltramadol, O-desmethylvenlafaxine, paroxetine, quetiapine, trama-
dol, venlafaxine, and zolpidem.

The mean (median) area ratio Intact/Powder was 0.73 (0.69) with a range from 0.41-1.28. A t-test showed (p<0.05)
that 22 analytes had greater recovery for the powdered hair but for 15 there was no difference between the pro-
cedures. The following set of experiments focused on agitation speed during a 3*3 min cycle and unsurprisingly
an increased speed resulted in higher recoveries for all analytes. Four analytes, paroxetine, quetiapine, venla-
faxine, and O-desmethylvenlafaxine showed a maximum recovery at speed 4 m/s and then a decline whereas all
other analytes reached a plateau or showed a continuous trend upwards. The last set of experiments evaluated
how the extraction time affected the recovery at the chosen speed 5.3 m/s. All analytes except hydroxyzine and
acetaminophen showed an increasing trend. After the maximum recovery was reached the analytes alimemazine,
dextromethorphan, cocaine, mirtazapine, desmethylmirtazapine, quetiapine, and O-desmethylvenlafaxine
showed a decline suggesting degradation of analytes with increasing extraction time. Of all analytes, 30 reached
their maximum at 9 minutes or before whereas 6 analytes (hydroxychloroquine, methadone, metoprolol, queti-
apine, and two tramadol metabolites) needed 12 minutes, and dextropropoxyphene needed 15 minutes to reach a
plateau. During extraction it was noted that the temperature increased and this may have caused some analytes to
degrade when the extraction time was longer than 9 minutes.

Conclusion: We conclude that a simultaneous extraction and powdering procedure at high speed during a short
time may serve as a universal extraction procedure, always better or equal to exhaustive extraction from intact
hair.

Scientific Session 6 - Hair analysis I,
joint with SoHT

10:30 - 12:30 Wednesday, 4t" September, 2024

Chair: Frank Sporkert, Marc LeBeau

Detection of pyrazolam in hair by LC-MS/MS in two drug-facilitated-crime cases

Gerd Jakobsson', Robert Kronstrand'?
'National Board of Forensic Medicine, Linkoping, Sweden. 2Department of Biomedical and Clinical Sciences,
Linkoping, Sweden

Background & Aims: This case report describes the use of pyrazolam to incapacitate the victims and how hair analysis
can aid in late reported cases. Hair analysis has been suggested as a useful matrix in drug facilitated crime cases (DFC)
because of its extended detection window compared to blood or urine. Pyrazolam is a designer benzodiazepine that
appeared in Sweden as a recreational drug as early as in 2012 followed by a scheduling in 2014. Nonetheless, in two
suspected DFC cases during 2022, the investigation suggested that pyrazolam had been the substance used for inca-
pacitating two victims. The event was reported to have happened in September 2022. In order to verify or refute the
use of pyrazolam, hair samples were obtained from the victims in January 2023, 4 months after the event.

Methods: An initial screening of 2 x 3 cm hair segments was performed by high resolution mass spectrometry and
found presumptive positive for pyrazolam. For confirmation, hair samples were segmented into 6 x 1 cm segments,
S1-S6, where S1 represented the segment closest to the scalp. The segmented hair samples were decontaminated
with isopropanol and three 30-minute phosphate buffer washes according to the laboratory's standard proto-

col. Ten (10) mg of each segment was pulverized prior to extraction. Extraction was performed by sonication for

80 minutes in extraction media (80:10:10 20 mM ammonium formate buffer:acetonitrile:methanol) followed by
filtration (0.2um Agilent Captiva RC filter). An Agilent 6490 LC-MS/MS was used for the confirmation analysis and
the injection volume was 10 yL and the chromatographic column was a Waters Acquity HSS T3 (2.1 x 100 mm 1.8pm)
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column held at 60°C. Mobile phase A was 0.05% formic acid in 10 mM ammonium formate and mobile phase B

was 0,056% formic acid in acetonitrile. The gradient, starting at 5% mobile phase B increased to 99% in 2.9 min-
utes, with constant flow rate at 0.5 ml/min. Total run time was 4.4 minutes with pyrazolam eluting at 2.3 minutes.
Pyrazolam was detected by two transitions (356>206/167) and internal standard was Alprazolam-D5 (314>286). The
calibration range was 2 pg/mgto 50 pg/mg.

Results & Discussion: Pyrazolam was found in both victims' hair in segments compatible with an exposure 4
months prior to sampling. In one victim 5.6 pg/mg was found in segment S4, and 6.5 pg/mgin segment S5. In the
othervictim 4.8 pg/mg of pyrazolam was found in segment S4. Though there are no reported concentrations of
pyrazolam in hair, concentrations in the low pg/mg range have been reported for other benzodiazepines in hair
after single doses suggesting that the findings can be explained by a single dose. In controlled dosing studies it has
also been shown that several short segments can be positive after a single dose as a result of dormant hair and that
this widening of the detection window increases with time between dosing and sampling.

Conclusion: Prompted by the police investigation, we developed a sensitive method for the analysis of pyrazolam
in hair. We conclude that pyrazolam could be detected in hair several months after a single exposure and that con-
centrations were in the low picogram per milligram range when analyzing short hair segments.

Unanticipated results of hair analysis for synthetic cannabinoids linked to worn headwear:
A case report

Annette Zschiesche, Yvonne S. Jungel, Laura M. Huppertz, Merja A. Neukamm, Volker Auwarter
Institute of Forensic Medicine, Medical Center - University of Freiburg, Faculty of Medicine, University of Freiburg,
Freiburg, Germany

Background & Aims: In substance abstinence monitoring, urine and scalp hair are conventional matrices, each with
distinct merits and demerits. Urine sampling is minimally invasive, while hair sampling offers an extended detec-
tion timeframe. However, hair sampling is susceptible to various forms of contamination. For instance, exposure to
sidestream smoke from synthetic cannabinoid receptor agonists (SCRAs) can yield false positive results in non-us-
ers due to deposition of the compounds and specific metabolites being formed during smoking. Additionally, e.g.
hand contact with drug material can lead to drug detection in hair without consumption. A case study with hair
samples collected in August 2023 unveiled contamination through the wearing of a baseball cap worn during SCRA
use, resulting in positive SCRAs findings in hair despite reported abstinence since July 2021. This case underscores
the intricate nature of interpreting hair analysis outcomes.

Methods: A hair sample (28.3 mg, examination length: 0 - 6 cm, total length: 8.5 cm) collected during an absti-
nence control program underwent decontamination by washing and sequential shaking with water, acetone, and
petroleum ether. The washed hair sample was treated with methanol, cut into small pieces, and subjected to
ultrasonic extraction with internal standards for 3 hours. Calibration was executed using spiked blank hair matri-
ces processed similarly. Wash solutions were combined, followed by addition of internal standards, evaporation,
and reconstitution in mobile phase. A section of the client's baseball cap (approximately 6x5 cm) was rinsed with
methanol. Extracts underwent GC-MS and LC-MS/MS analysis for semi-quantitative results of parent compounds
and some metabolites.

Results & Discussion: The hair sample tested positive for MDMB-4en-PINACA at approximately 7.9 pg/mg, with
other SCRAs - 4F-MDMB-BICA, 4F-MDMB-BINACA, 5F-MDMB-PINACA (other name: 5F-ADB ), 5F-CUMYL-PEGA-
CLONE, 5F-MDMB-PICA, ADB-4en-PINACA, ADB-BUTINACA (other name: ADB-BINACA), Cumyl-CBMICA,
Cumyl-NBMINACA, EDMB-PINACA, JWH-122 and JWH-210 detected in traces. The baseball cap contained MDMB-
4en-PINACA at approximately 90 ng/cm? and ADB-BINACA at approximately 50 ng/cm?, with the above listed other
SCRAs also confirmed. Additionally, ADB-HEXINACA, Cumyl-CBMEGACLONE and Cumyl-CH-MEGACLONE were
detected at low concentrations. No SCRAs were detected in the baseball cap extract by GC-MS. Hair wash solutions
supported the results, with the exception of JWH-122. Assuming that 1 cm? of the baseball cap surface interacts
with approximately 20 mg of hair, the substance concentration in the baseball cap would at least three orders of
magnitude higher than that in the hair. The findings support the hypothesis that substances transferred to the hair
when the contaminated baseball cap was worn, as transfer at the parts per thousand range is plausible.

Conclusion: The spectrum of detected analytes aligns with the subject's statement, as all of these were formally
reported to the European Monitoring Centre for Drugs and Drug Addiction (EMCDDA) on the European drug market
before the claimed abstinence period. The most recently reported SCRAs concerning this case were EDMB-PINACA
and ADB-HEXINACA. They were identified in Europe for the first time in February and early July 2021.

This study suggests that such transfers may adequately explain positive hair analysis results without invoking addi-
tional exposure pathways.
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Hair analysis after single and repeated short in vivo passive exposures to cannabis and
"cannabis light": preliminary results

Arianna Giorgetti, Guido Pelletti, Simone Santelli, Susan Mohamed, Francesca Rossi, Jennifer P Pascali
University of Bologna, Bologna, Italy

Background & Aims: Secondhand smoke from marijuana cigarette could lead to passive exposure to A9-
tetrahydrocannabinol (A9-THC), with a risk for inhaling subjects of incurring in positive drug tests. Condensation
of the environmental cannabis smoke on hair represents a source of external contamination, that requires care-
ful consideration for forensic analyses, usually performed by additional detection of metabolites or the use of
cut-offs to distinguish contamination from drug use. To the best of the authors' knowledge, the impact of passive
exposures to cannabis for short periods (< 30 minutes) on hair and urine analysis has not been assessed so far.

A further challenge for hair interpretation arises from products containing low-amount of A9-THC and rich in can-
nabidiol (CBD), also referred to as "light cannabis," that are being offered for sale in most of the European coun-
tries. These products could also lead to passive exposure and/or contamination of the hair matrix.

The aim of the present study was to test whether short passive exposures to the sidestream smoke of cannabis and
"cannabis light" could lead to detectable levels of THC and CBD on hair and whether hair analysis could allow to
distinguish between the two delivered products.

Methods: To this scope, 4 abstinent volunteers were exposed in pairs to low- (0.5%) and high-A9-THC (5%) passive
cannabis cigarette smoking. Fifteen-minutes exposures took place inside a car with no ventilation and were re-
peated once a week for a month for each cannabis product. Hair samples were collected after each exposure and
analyzed by liquid chromatography-tandem mass spectrometry (LC-MS/MS) through a validated method for the
determination of THC and CBD. Limit of detection and quantification were 0.007 ng/mg and 0.02 ng/mg, respec-
tively. Samples were analyzed without and with a washing step, for a total of 64 samples. To exclude drug absorp-
tion, urines were additionally collected and tested for carboxy-THC and -CBD.

Results & Discussion: An accumulation of A9-THC or CBD could not be clearly demonstrated over time, consider-
ing a weekly passive exposure and routine hair washing at home. A9-THC was detected with concentrations ranging
from 0to 0.09 ng/mg in washed samples after exposure to high-A9-THC smoke. As shown by previous in vitro
studies, A9-THC levels were significantly higher in samples exposed to cannabis compared to those contaminated
by low-A9-THC smoking, when considering unwashed samples. Moreover, CBD was detected from 0 to 0.08 ng/mg
in washed samples exposed to light cannabis. All urine samples tested negative for THC and CBD metabolites.

Conclusion: Our study demonstrated that a single short passive exposure to cannabis and light cannabis could re-
sultin external hair contamination leading to low but detectable levels of A9-THC and CBD, respectively. A distinc-
tion between contamination by cannabis and by light cannabis seems feasible invivo, confirming in vitro studies.
Although an accumulation could not be demonstrated, further studies should focus on shorter intervals of expo-
sure, to confirm the present results.

The stability of Ethyl Glucuronide (EtG) in stored hair samples

Amy Duda, Lolita Tsanaclis
Cansford Laboratories Ltd, Cardiff, United Kingdom
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Background & Aims: There are many accepted advantages of toxicological hair analysis for drugs and alcohol mark-
ers, including the long windows of detection and the relative simplicity of sample collection.

Two further advantages of hair over other biological samples are the ease with which the samples can be stored -
as hair samples can be stored at room temperature without additional, expensive environmental-regulating equip-
ment - and the extended lengths of time hair samples themselves can last for. The combination of the protective
cuticle layer and the keratinised structure of hair cortex means that in even in conditions favourable to decompo-
sition, human hair can persist for decades, well past the point of other common biological matrices.

Previous studies into Ethyl Glucuronide (EtG) in urine have shown that bacterial action is a cause of EtG loss over
time!. Studies into EtG stability in blood have shown the degrading effects of temperature and resultant putrefac-
tion on detected EtG levels over time.

Whilst the stability of drug analytes in hair has been documented, the same cannot be said for EtG. Therefore, the
purpose of this pilot study was to determine the effects of long term (up to 72 months) storage on the levels of EtG
in hair samples.
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Methods: Hair samples (n=72) which had previously been tested for EtG between 2018 and 2023 (inclusive), which
had sufficient remaining hair, and for which the donors had indicated no use of strong chemical hair treatments,
were selected for re-testing. All hair samples had been wrapped in aluminium foil and enclosed in paper envelopes,
indry, dark, room temperature conditions for between 6 and 72 months.

All hair samples had each been previously analysed as one 3cm section, representing an overview of approximately
three months. The same sectioning process was followed for the re-tests, resulting in each sample being analysed
for the same three-month period twice.

Both the original and repeat testing were undertaken using the validated, in-house LC-MS/MS EtG methodology,
which is accredited to ISO/IEC 17025 standards.

The results of the analyses were statistically evaluated using the Wilcoxon Signed Rank Test (alpha = 0.05).

Results & Discussion: The results were evaluated based on the year in which the original testing took place. There
was no statistical difference between the first and second test results for the samples originally tested in 2021,
2022 and 2023 (p=0.756, p=0.092, and p=0.297 respectively). There were statistically significant differences be-
tween the sets of results for the samples originally tested in 2018, 2019 and 2020 (p=0.038, p=0.026, and p=0.045
respectively). This implies that there is a point (approximately 36 months after sample collection) after which hair
samples should not be tested for EtG.

Conclusion: The results indicate that, when stored in dry, dark, room temperature conditions, hair samples can be
tested for EtG up to 36 months after sample collection, without a significant alteration in the level of EtG present
inthe hair from the time of sample collection. Itis possible that one or more of the biological processes previously
noted in other matrices is occurring in the stored hair samples, albeit at much slower rates.

Development and validation of an HPLC-MS/MS method for the determination of
benzodiazepines in hair. Comparison of two different extractions and applications
on real samples.

Giulia Stocchero!, Martina Pes?, Manuela Lucchiari’, Antonio Cambria’, Giovanni Michele Marchio’, Flora Donini’,
Francesco Ingenito’, Lucia Bertoldi', Cristiana Fait', Lucia Pecoraro’, Adriano Anesi', Alberto Salomone?3, Donata
Favretto*

"Toxicology Laboratory Unit, Multi-zone Operating Unit Clinical Pathology Laboratory, Department of Laboratories,
APSS of Trento, Trento, Italy. 2Department of Chemistry, University of Turin, Torino, Italy. *Centro Regionale Antidop-
ing, Orbassano, Torino, Italy. “Legal Medicine and Toxicology, University Hospital of Padova, Padova, Italy

Background & Aims: Benzodiazepines (BDZ) are pharmaceutical drugs that are prescribed to treat a variety of
conditions. BDZs represent the most widely prescribed category of drugs in Italy and Western countries. Abuse and
addiction to these substances are a real problem due to the increase in stress and maladaptive pathology and the
growing availability of these substances in both the legal and illegal market. Due to their sedative effect, benzodi-
azepines are also used for DFC (Drug-Facilitated Crimes), such as robbery and sexual assault and usually go under
the name of "date rape drugs". Many biological matrixes can be used for toxicological forensic analysis, but the hair
matrix is now preferred due to its non-invasive nature, extended diagnostic window, and reliability. In addition, it
allows to study of the history of drug consumption or to prove the single intake for DFSA (Drug-Facilitated Sexual
Assault). This study aimed to develop and validate a method for simultaneously identifying and quantifying 38 ben-
zodiazepines and metabolites in HPLC-MS/MS. Furthermore, two different hair sample extraction procedures were
compared

Methods: Hair samples were cut into small segments and washed twice with methanol and diethyl ether. 25 mg
of hair were used for each extraction procedure and the HPLC-MS/MS conditions were the same for both pro-
cedures. The extracts were centrifugated and part of the supernatant (3 yL) was injected into an LC-MS/MS
(Shimadzu Nexera-AB Sciex Citrine). Gradient elution was performed on Synergi Hydro-RP 100 A° Phenomenex in
8 minutes with the mobile phases composed of 0.1% formic acid in water (solvent A) and 0.1% formic acid in ace-
tonitrile (solvent B). The analytes were ionised using positive electrospray mass spectrometry and then detected
by multiple reaction monitoring (MRM). In one extraction procedure, incubation with 500 yL of M3 ® (Comedical)
and internal standards was performed on chopped hair at 100 °C for 60 min. In the second extraction procedure,
incubation with methanol and internal standards was performed on pulverised hair overnight at 50°C. The super-
natant was evaporated and reconstituted in 500 puL of M3 ®. Validation was performed in three different analyti-
cal sessions with three replicated per day using spiked hair samples in a range of concentrations from 2 pg/mg to
200 pg/mg (8 calibrators) and quality control

Results & Discussion: The M3 extraction procedure obtained computed LODs values between 0.8 and 9.3 pg/mg,
while the methanol extraction method showed higher theoretical LODs (starting from 3.7 pg/mg) when excluding
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the worst analytes. The majority of experimental LOQs are the same for both procedures. Precision intra- and
inter-day was calculated for both methods. Intra-day precision ranged from + 20% (CV%) for most of the analytes
while for inter-day some are more than + 20%, especially at lower concentration. Accuracy intra- and inter-day
for most of the analytes meets the criteria of acceptability (£ 20%). The matrix effect for M3 extraction, for most
analytes is within the acceptable criteria (%ME from 85% to 115%) while, for methanol extraction, %ME values
were acceptable only for 10 analytes. Accuracy was tested both by internal H20 Comedical control and by external
quality control with VEQs from ARVECON. The z-score results of the VEQ were acceptable. Given the satisfactory
accuracy results, it was decided to verify the extraction protocols' ability to extract the real samples by performing
a second extraction on the residue of the previously analysed real samples. The second extraction did not reveal
the significant presence of the analytes searched.

Conclusion: 50 real samples of people for whom benzodiazepine analysis was requested and were screening pos-
itive, were used to create 10 hair pools. Each pool was divided into six aliquots (for a total of 60 aliquots) and then
divided into three aliquots for each extraction procedure, to have statistically significant values to compare the two
extraction efficiencies. The method has demonstrated, on real samples, the ability to detect low concentrations of
benzodiazepines below 10 pg/mg. The extraction protocols (M3 and methanol) have been effectively validated and
proven to be interchangeable for concentrations above 10 pg/mg. The M3 protocol is also suitable for positivity

at concentrations between 2 and 10 pg/mg. The analytes found most frequently were 7-Aminoclonazepam (8 M3
(2-800 pg/mg); 5 Methanol (16-760 pg/mg)), Bromazepam (4 M3; 3 Methanol), Clonazepam (7 M3 (3 - 150 pg/mg); 5
Methanol (3-124pg/mg)), Delorazepam (7 M3 (5- 117 pg/mg); 4 Methanol (20- 120 pg/mg)), Nordiazepam (6 for both
(18-361pg/mgM3 - 37-373 pg/mg MeOH)) and Temazepam (4 for both (4-18 pg/mg M3; 3-23 pg/mg methanol))

Endocannabinoid and steroid levels during and after pregnancy in fingernails of mothers
and their newborns

Clarissa D. Vogel', Tanja Restin?3, Pearl La Marca-Gaemmaghami*, Matilde Murari', Thomas Kraemer®, Tina M. Binz'
'Center for Forensic Hair Analytics, Zurich Institute of Forensic Medicine, Zurich, Switzerland. ?Institute of Physiol-
ogy, University of Zurich, Zurich, Switzerland. *Newborn Research Zurich, Department of Neonatology, University
Hospital Zurich and University of Zurich, Zurich, Switzerland. *Psychology Counselling and Research Institute for
Sexuality, Marriage and the Family, International Academy for Human Sciences and Culture, Walenstadt, Switzer-
land. *Department of Forensic Pharmacology and Toxicology, Zurich Institute of Forensic Medicine, Zurich, Switzer-
land

Background & Aims: Excessive stress exposure with associated high levels of cortisol as well as stress-protective
biological factors, such as endocannabinoids (eCBs), play an important role in human pregnancy and birth out-
comes. However, it is unknown to what extent the combined assessments of these biomarkers are useful to predict
preterm delivery or may even help to develop new interventions. An elegant and highly innovative way to measure
chronic stress exposure is through steroid and eCB analysis within the keratinized matrix nail. Here, a pilot study
was conducted to investigate the levels of these biomarkers during and after pregnancy in mothers and their new-
borns.

Methods: A total of five mothers and three newborns were included in this study. Maternal nail samples were
collected during pregnancy (gestational weeks 22, 24, 26, 28, 32, 37, 42) and after birth (days, weeks and month
postpartum). For newborns, the first six nail cuts after birth were collected, pooled and analyzed together. Briefly,
nails were washed, clipped into smaller parts, milled and extracted for an hour with methanol in an ultrasonic bath.
Afterwards, a fully automated supported liquid extraction on a Biotage® Extrahera (Uppsala, Sweden) workstation
was performed. Aliquid chromatography-tandem mass spectrometry (LC-MS/MS) method was used for the simul-
taneous identification and quantification of five steroid hormones (cortisone, cortisol, androstenedione, testos-
terone, progesterone) and four eCBs (anandamide (AEA), 2-arachidonylglycerol (2-AG), oleoylethanolamide (OEA),
palmitoylethanolamide (PEA)). The method had been fully validated according to international guidelines.

Results & Discussion: All five steroid hormones and all four eCBs were detected in the nails of mothers and new-
borns. The median cortisol concentration in the nails of mothers was 4.3 pg/mg, for cortisone it was 12.3 pg/mg,
for testosterone 0.5 pg/mg, for progesterone 16.3 pg/mg, and for androstenedione 1.4 pg/mg. Elevated concen-
trations of progesterone were found during pregnancy, which decreased postpartum. The corticosteroids cortisol
and cortisone were relatively stable during pregnancy but showed generally lower levels after birth. The median for
2-AG was 15.4 pg/mg, AEAQ.7, OEA 2382 pg/mgand PEA 668 pg/mg. For the eCBs, an increase in concentrations
was measured in gestational weeks 37 and 42. Areturn to lower levels was observed postpartum. For newborns, the
first six nail cuts showed a median of 3.4 pg/mg for cortisol, 8.9 pg/mg for cortisone, 2.2 pg/mg for testosterone,
0.5 pg/mg for progesterone, 25.9 pg/mg for 2-AG, 1.7 pg/mg for AEA, 1388 pg/mg for OEA and 356 pg/mg for PEA.
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In this pilot study, it was shown that the established method is suitable for the retrospective monitoring of cumu-
lative eCB and steroid hormone levels in nails. ECB signalling is known to play an important role in embryo develop-
ment and labour. An increase of AEA and 2-AG in maternal nails was observed in the third trimester. This elevation
might play a role in spontaneous onset of labour, as eCBs have labour-promoting effects. Progesterone is well
known to increase during pregnancy which was also visible in consecutive fingernail analyses. The interaction be-
tween the eCB system and corticosteroids needs further investigation since it is hypothesized that eCB signalling
may inhibit glucocorticoid activation.

Conclusion: Nail samples can serve as a suitable matrix for the retrospective monitoring of cumulative eCB and
steroid hormone levels during pregnancy and postpartum. The combined assessment of eCBs and steroids from
nails can provide valuable insights into the interplay between chronic stress exposure and stress-protective mech-
anisms in mothers and their infants during pregnancy and postpartum.

Hair analysis of critically ill pediatric patients undergoing opioid treatment with focus on
fentanyl derivatives and metabolites

Max C. Polke', Florian Zapf?, Tanja Restin®, Thomas Kraemer#*, Tina M. Binz'

'Center for Forensic Hair Analysis, Zurich Institute of Forensic Medicine, University of Zurich, Zurich, Switzerland,
Zuerich, Switzerland. 2Department for Pediatric Intensive Care Medicine and Neonatology, University Children's
Hospital Zurich, Zurich, Switzerland, Zuerich, Switzerland. 3Institute of Physiology, University of Zurich, Zurich,
Switzerland, Zuerich, Switzerland. *Forensic Pharmacology and Toxicology, Zurich Institute of Forensic Medicine,
University of Zurich, Zurich, Switzerland, Zuerich, Switzerland

Background & Aims: The interpretation of hair analysis results has always been a challenge both forensically and
clinically. This is especially true for results of hair with pediatric origin, due to differences in the hair anatomy
compared to adult hair. In this context, reliable reference data regarding the incorporation of specific substances
into hair poses an invaluable resource for experts. For fentanyl and its analogues (fentalogs) such data in literature
is currently mainly based on forensic cases, in which multiple unknown factors such as type and quantities of the
administered substances, the route of exposure, as well as patient specific parameters play a role. The objective of
this research study is to investigate hair samples of a cohortincluding 150 children from O to 13 years of age that
underwent opioid treatment with fentanyl, alfentanil, sufentanil, remifentanil or other more traditional opioids in
aclinical setting. With the data obtained, we aimed to gain insights into the concentrations and distribution of opi-
oids in children's hair. For this purpose, a liquid chromatography-tandem mass spectrometry (LC-MS/MS) method
was developed and validated, targeting the mentioned opioids and selected metabolites.

Methods: This research study has a monocentric, non-interventional, prospective design. Hair samples from pa-
tients (newborns, children and adolescents) admitted to the Pediatric Intensive Care Unit (PICU) at the University
Children's Hospital Zurich and exposed to medically approved opioids were collected. The samples were obtained
from the back of the head in a standardized manner and processed using a two-step extraction procedure, fol-
lowed by a targeted LC-MS/MS (QTRAP® 7500+) analysis. The analysis was performed in multiple reaction monitor-
ing mode screening for fentalogs (fentanyl, remifentanil, sufentanil or alfentanil) and certain metabolites (4-ANPP,
norfentanyl, betahydroxyfentanyl, norsufentanil and remifentanil-acid), as well as other more traditional opioids.
The used method underwent full validation in terms of selectivity, linearity, limit of detection (LOD), lower limit

of quantification (LLOQ), accuracy, precision (intra- and inter-day precision and accuracy), specificity (including
matrix effect) and recovery (extraction efficiency).

Results & Discussion: The developed LC-MS/MS method showed good selectivity and sensitivity for all analytes.

For fentalogs and metabolites, lower limits of quantification (LLOQ) were 0.1 pg/mg for each, and 1 pg/mg for
fentanyl. Extraction efficiencies were above 80% at all three measured quality control concentration levels. Val-
ues were acceptable in terms of the bias (within £20%) and imprecision (<20%) and ion suppression/enhancement
among the different sources did not exceed +25%. To date, a total of 104 pediatric hair samples has been collect-
ed and analyzed. Due to the small sample quantities (median: 4.30 mg), the hair samples were processed without
prior decontamination or segmentation. All opioids administered to the patients during their stay in the PICU, as
well as the targeted metabolites (except remifentanil-acid) could be detected in the hair samples. To the best of
our knowledge, this was the first time the present fentalogs and metabolites were qualitatively and quantitative-

ly determined in children's hair. Out of 90 cases involving fentanyl treatment, fentanyl was quantified in 60 cases
(75%), in concentrations ranging from 1.03to 4701 pg/mg and a dose concentration correlation (Spearman r =0.53,
p<0.0007) could be observed. In some cases, the metabolites of fentanyl 4-ANPP (9 cases), norfentanyl (30 cases)
and B-hydroxyfentanyl (44 cases) were quantified. Sufentanil was quantified in 46 out of 81 (56.7%) cases involving
treatment, in concentrations between 0.12 and 8.64 pg/mg. Its metabolite norsufentanil was quantified in 21 cases
with concentrations ranging from 0.10 to 2.43 pg/mg. Norsufentanil was previously detected in other human sample
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matrices such as urine but never before in hair. Remifentanil (detected in 4 out of 11 treated cases) and alfentanil
(detected in 2 out of 2 treated cases) were measured in concentrations between 0.10 and 0.43 pg/mgand 0.19 and
0.22 pg/mg, respectively. The metabolite remifentanil-acid could not be detected. This may be due to concentra-
tions below the LLOQ or to the fact that acidic substances are generally less effectively incorporated into hair.

Conclusion: A sensitive and specific method was developed and validated for simultaneous quantification of clin-
ically used synthetic and classical opioids in hair by LC-MS/MS. For the first time fentanyl, sufentanil, remifentanil,
alfentanil and their metabolites were quantified in children's hair. The findings of this study will lay the basis for
further applied research questions and will presumably serve as reference for various applications in hair testing.
In a forensic context, the findings could help in the interpretation of NSO positive hair results in specific cases or
larger prevalence studies in adult and especially pediatric populations. In a clinical context the study results could
be used for further applied research studies in the context of therapeutic drug monitoring.

Retrospective evaluation of novel synthetic opioids and xylazine chronic intake by
post-mortem hair analysis

Rossella Gottardo', Marco Ballotari', Nicola Pigaiani', Karen S Scott?, Gregory G Davis?, Federica Bortolotti'
'Department of Diagnostics and Public Health, Unit of Forensic Medicine, University of Verona, Verona, Italy. ?Division
of Laboratory Medicine, Department of Pathology, University of Alabama at Birmingham, 1802, Birmingham, AL, USA

Background & Aims: In recent years, an increase number of fentanyls-related deaths have been reported in recre-
ational use/abuse and therapeutic practice, particularly in the United States [1]. Indeed, fentanyl and its derivatives
(non-pharmaceutical fentanyl, NPFs) represent the largest group among synthetic opioids. In addition, since the
mid-2010s, an increasing number of unintentional overdose deaths involving opiates and/or fentanyl showed the
presence as adulterant of xylazine, a veterinary drug able to worsen hypotension, central nervous system, and respi-
ratory depression caused by opiates [2].

On the basis of above evidence, the need to monitor the diffusion of fentanyl, NPFs and adulterants among the
population is a fundamental pursuit in forensic toxicology. In this context, hair analysis can provide important infor-
mation regarding previous intake/exposure to xenobiotics. The present study focused on the application of a novel
UPLC-MS/MS method for the detection and quantification of fentanyl, NPFs, and xylazine, in hair samples from
post-mortem cases with the aim of retrospectively evaluate the use of these drugs among the studied population.

Methods: Hair samples (n = 250) were obtained from post-mortem cases with different causes and manners of
deaths collected under the jurisdiction of the Jefferson County Coroner/Medical Examiner Office from January
2023 to March 2023.

Hair from scalp (n=191) and, when they were not available, from pubis (n=59), were decontaminated and about 50
mg were cut into small segments and spiked with of a mixture of fentanyl-D5 and xylazine-Dé to a final concentra-
tion of 200 pg/mg. Sample were then treated with 1 ml of 0.1M HCI (overnight at 45°C).

After neutralization and centrifugation, the supernatant was SPE extracted. Separations were performed by using
amodel I-Class ACQUITY UPLC system (Waters, USA) provided with a Force Biphenyl (2.1 x 50 mm, 1.8 um, Restek
Corporation, USA), kept at 45°C. Mobile phase A was composed of water and formic acid 0.1%, phase B consisted
of acetonitrile. The samples were eluted with a linear gradient from 5 to 70% of solvent B, lasting 5 min. The liquid
chromatograph was coupled with an API 6500 QTrap mass spectrometer (AB Sciex, Framingham, MA, USA) monitor-
ing the MRM transitions for the following analytes: fentanyl, norfentanyl, 3-hydroxy fentanyl, acetyl fentanyl, acetyl
norfentanyl, despropionyl para-fluorofentanyl, 4-aminophenyl-1-phenethylpiperidine (4-ANPP), carfentanil, nor-
carfentanil, ocfentanil, furanyl fentanyl, U-47700, xylazine, flunitazene, etodesnitazene, metonitazene, protonita-
zene, N-piperidinyl etodesnitazene, N-pyrrolidino etodesnitazene.

Results & Discussion: Among the studied population, n=129 of the analyzed hair samples (52%) tested positive for
fentanyl either alone or with its main metabolites (norfentanyl, beta-hydroxyfentanyl and 4-ANPP).

Fentanyl hair concentrations ranged from 4 pg/mgto a concentration higher than 10 ng/mg (mean value 1697 pg/
mg, median 194 pg/mg).

Regarding fentanyl metabolites, norfentanyl was detected in n=69 cases (53% of the samples positive for fentanyl)
of which fentanyl was not present in only 3 cases. Norfentanyl concentrations ranged from 0.9 pg/mgto concen-
trations higher than 10 ng/mg (mean value 428 pg/mg, median 24 pg/mg). Beta-hydroxyfentanyl was present in
n=35 hair, with concentrations from 3.3 to 2,350 pg/mg (mean value 380 pg/mg, median 116 pg/mg). 4-ANPP was
detected in n=70 cases, corresponding to about 54% of cases in which fentanyl was measured. 4-ANPP concentra-
tions were in the range 9-8,401 pg/mg (mean value 516 pg/mg, median 96 pg/mg). Both beta-hydroxyfentanyl and
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4-ANPP were detected only in hair containing also fentanyl. In n=23 cases, in addition to fentanyl and its metabo-
lites, acetylfentanyl and/or despropionyl parafluoro-fentanyl were also detected. The concentrations of acetylfen-
tanyl and despropionyl parafluoro-fentanyl ranged from 3 to 431 pg/mg (mean value 104 pg/mg, median 22 pg/mg)
and from 5 to 1385 pg/mg (mean value 129 pg/mg, median 25 pg/mg), respectively.

It is worth mentioning that 1 of the 250 cases tested positive for protonitazene, a synthetic opioid recently spread
across the illicit market. Moreover, xylazine was detected in n=48 hair samples (19.2%). The prevalence of synthetic
opioid positive cases was significantly higher than anticipated considering that the cause of death in many of these
cases was not related to synthetic opioid (54 out of 130 cases; 41.5%).

Conclusion: In the studied population, fentanyl was the most frequently detected synthetic opioid. Moreover,
acetylfentanyl and despropionyl parafluoro-fentanyl were also present in many samples. These data are consistent
with the epidemiological data on the spread of NPFs in the geographical area of hair collection. In addition, the
present study highlighted for the first time the detection of xylazine in hair, thus providing important information
also about the xylazine emerging threat.

The results of the present study confirm the usefulness of systematic hair testing in postmortem investigation,
providing helpful information with potential substantial repercussions on public health.

[11[11 UNODC. United Nations Office on Drugs and Crime. World Drug Report 2023. https://www.unodc.org/
[21[2] Friedman J, Montero F, Bourgois P, et al (2022) Drug Alcohol Depend (2022): 109380.

Hydroxyketamine and hydroxynorketamine isomers can be detected in hair of ketamine
users

Giampietro Frison', Flavio Zancanaro', Alessia Finotello', Samuela Frasson', Silvano Zancaner?
"Laboratory of Clinical and Forensic Toxicology, DMPO Department, AULSS 3, Venice, Italy. ’Legal Medicine, Depart-
ment of Prevention, AULSS 3, Venice, Italy

Background & Aims: Ketamine (K) and its initial N-demethylated metabolite, norketamine (NK), are extensively
hydroxylated to a number of steroisomeric hydroxyketamine (HK) metabolites and positional and stereocisomeric
hydroxynorketamine (HNK) metabolites. NK is also converted to dehydronorketamine (DHNK). HNK compounds
have recently attracted scientific interest because, although they have no anesthetic effects, they do have antide-
pressant properties.

K hydroxylated metabolites are usually present and detectable, together with other K metabolites, in blood/plas-
ma/serum, and urine samples. However, they are usually not detected in hair samples, due to the known lower
incorporation of polar metabolites into the hair matrix than the parent compounds.

Here we describe the detection of HK and HNK metabolite isomers in different hair samples from moderate and
heavy K users, by liquid chromatography - high-resolution accurate-mass Orbitrap mass spectrometry (LC-HRAM-
Orbitrap-MS), after comparison with results from urinalysis of some other ketamine users.

Methods: Urine samples (300 mcL each) from subjects who had previously tested positive for ketamine were sub-
jected to protein precipitation with 300 mcL of cold acetonitrile:methanol 2:1 (v/v) in the presence of the internal
standard (IS) Ketamine-D,.

Hair samples (20 mg) from five K users, other than the previous ones, were decontamined and pulverized with a
ball mill, and, after the addition of the ISHair samples (20 mg) from five K users, other than the previous ones, were
decontamined and pulverized with a ball mill, and, after the addition of the IS Ketamine-D,, extracted with 3 mL of
a methanol/trifluoroacetic acid (9:1, v/v) mixture, sonicating for 1 h and heatingat 70 °C for 2 h.

Urine and hair sample extracts were subjected to LC-HRAM-Orbitrap-MS analysis using a Thermo Scientific Ulti-
mate 3000 UHPLC system equipped with an Accucore Phenyl Hexyl reversed-phase analytical column coupled to a
Thermo Scientific "Q-Exactive Focus" Orbitrap mass spectrometer instrument. MS acquisition was performed in
full scan (m/z 70-1000) positive-ion mode at a resolution of 70,000, and subsequent data-dependent acquisition
(dd-MS?) confirmation mode (resolution 17,500, isolation window 3.0 m/z, isolation offset 1.0 m/z, normal collision
energies 17.5, 35.0, 52.5 eV), according to an inclusion list of five exact mass values, calculated from the elemental
composition of MH*ionic species, at m/z 238.0993 (K), 224.0837 (NK), 222.0680 (DHNK), 254.0942 (HK), 240.0786
(HNK).

Results & Discussion: Besides K, NKand DHNK, a number of HK and HNK isomers were detected in all urine samples
analysed, with relative abundances varying according to individual characteristics (drug use, metabolism, sample
dilution, sampling times, etc.). Likewise, in addition to K, NK, and DHNK, some hydroxylated metabolites were iden-
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tified in hair samples according to the increasing K hair concentration (0.54, 1.1, 5.5, 16, and 35 ng/mgin samples
1,2,3,4,and 5, respectively), and the likely extent of K exposure. In particular, HK and HNK compounds were not
detected in hair samples 1 and 2. Some of the hydroxylated metabolites began to be detectable in sample 3. Anum-
ber of HK and HNK isomers were detected in samples 4 and 5 from the same heavy K user.

Identification of the hydroxylated metabolites was based on evaluation of their chromatographic behaviour com-
pared to the parent compound, accurate mass measurements of their MH* ions in full scan conditions, evaluation
of their characteristic MH* isotopic patterns (considering that they are all Cl-containing compounds), accurate
mass measurements of MH* collision-induced product ions. Tentative discrimination of alcoholic and phenolic
structural isomers of HK and HNK metabolites was carried out.

Conclusion: For the first time, to the best of our knowledge, HK and HNK isomers have been identified in hair sam-
ples from ketamine users. These findings demonstrate that HK and HNK metabolites can be incorporated into hair
following ketamine consumption. According to the preliminary results of this study, the incorporation processes of
hydroxylated metabolites may be directly related to the extent of K exposure. HK and HNK metabolites can, at least
in some cases, be assessed as markers of active K consumption.

Scientific Session 7 - Drugs in driving and
on-site testing
08:30 - 10:00 Thursday, 5t September, 2024

Chair: Nikolas Lemos, Marilyn Huestis

Validation of an LC-MS/MS method for screening 340 classical Drugs of Abuse (cDoA),
NPS, and pharmaceuticals: Application to the analysis of residues from used syringes wit-
hin the ESCAPE network

Islam Amine Larabi', Pamela Dugues', Emuri Abe’, Gemara Beaufils', Catherine Duplessy? Thomas Nefau®, Thomas
Seyler®, Jean-Claude Alvarez'

'Laboratory of Pharmacology-Toxicology, Raymond Poincaré Hospital (AP-HP) ; UVSQ-Paris Saclay University,
Inserm U1018, CESP (Center for Research in Epidemiology and Population Health), MOODS Team (Mental Health),
Garches, France. 2SAFE Association, Paris, France. SEMCDDA (European Monitoring Centre for Drugs and Drug Ad-
diction), Lisbon, Portugal

Background & Aims: Drug injection increases overdose and infectious disease risks. Self-reported surveys on these
substances often face reporting delays and lack analytical confirmation. ESCAPE (European Syringe Collection and
Analysis Project Enterprise), a sentinel network, analyses used syringes in 17 EU cities to provide localized data for
harm reduction (HR) interventions. To identify primary substances injected in Paris in 2023, we developed and val-
idated an LC-MS/MS method combined to a robotic sample preparation for screening 340 cDoA, NPS, and pharma-
ceuticals

Methods: One hundred forty-nine syringes were collected from automatic syringe dispensers across 5 Parisian
sites: Gare du Nord (GDN), Gare de Lyon (GDL), Gare St Lazare (GSL), Gare Montparnasse (GMP), and RER Kennedy
station (SRK). The syringes were rinsed with 1 mL of MeOH. An automated sample preparation was completed in 45
minutes using a TECAN EVO 100 robot. A 10th dilution of the samples in MeOH was performed on a 96-well deep
well plate. On a second plate, the robot dispensed 20 pL of a deuterated internal standard solution, 20 pL of the
previously diluted sample, and 160 pL of 2mM formate buffer. The plate was then analyzed by LC-MS/MS on a TSQ
Altis (Thermo Fisher®) in MRM mode. A single-point calibration (100 ng/mL) was used and Trace Finder software was
configured for automatic result discrimination using the LOD as the reporting threshold

Results & Discussion: The reporting threshold was evaluated at 1 ng/mL for all compounds, allowing for the detec-
tion of trace substances (corresponding to 0.01% purity). 92% of syringes (n=137) tested positive for one of the 42
detected substances. Cathinones emerged as the most prevalent group, accounting for 60% (n=88) of the sub-
stances identified, with chloromethcathinone (CMC, n=81), methylmethcathinone (MMC, n=42), and chlorodimeth-
ylcathinone (CDMC, n=20) being the most common. Opioids, making up 43% (n=64) of the findings, and cocaine,
constituting 25% (n=38), followed in prevalence. Cathinones and cocaine injection appears to be common during
chemsexin France, as indicated by the 2023 national survey conducted by SFTA. Opioid use is mainly associated
with heroin injection.

The results highlight distinct consumption patterns across Paris and the need for tailored HR interventions. For ex-
ample, CMC is prevalent at GSL, GDL, and SRK, while cocaine is more commonly used at GDN and GMP. Additionally,
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94 syringes (63%) contained 2 to 16 substances, indicating potential syringe reuse and increased risk of infectious
diseases. However, some trace-level substances could result from blood contamination during injection.

The 2020-22 ESCAPE campaigns revealed regional drug use trends across Europe, with our results confirming
Paris's preference for cathinones (along with Budapest), opioids, and cocaine. The injection of cocaine and cathi-
nones has been linked to higher HIV and HCV transmission due to frequent use and shared paraphernalia

Conclusion: The developed screening method by LC-MS/MS, combined with an automated sample preparation and
result generation processes, enabled rapid analysis of large sample sets, identifying the most frequently injected
substances in Paris. Understanding the substances injected, along with related risks like multiple substance use or
material reuse is crucial to optimize HR interventions and law enforcement strategies

Preliminary pharmacokinetic and psychophysical data after controlled inhalative and oral
consumption of hexahydrocannabinol (HHC)

Lisa Héfert, Benjamin Franz, Cedric Grof3, Jan Drefler, Susen Becker, Sven Baumann
Leipzig University, Faculty of Medicine, Institute of Forensic Medicine, Leipzig, Germany

Background & Aims: The semisynthetic cannabinoid hexahydrocannabinol (HHC) has gained great popularity as
alternative to tetrahydrocannabinol (THC) since mid of 2022. In most countries, it has now been banned by na-
tional regulations. Research data on pharmacokinetics and metabolism are still very limited. Previous studies have
highlighted the presence of HHC in biological samples from drivers suspected of drug consumption, underscoring
its potential impact on road safety. Aim of this study was the collection of data regarding pharmacokinetics and
psychophysical effects after HHC intake. Additionally, immunological tests for different sample specimens were
evaluated for the detection of HHC consumption.

Methods: So far two participants (I1: female, 80 kg, non-smoker; 12: male, 90 kg, regular smoker) consumed three
puffs from an HHC vape, and one volunteer (O1: female, 88 kg) ate a fruit gum with 25 mg of HHC. Different psy-
chophysical tests were performed. Additionally, pupil size, rotary nystagmus, and subjective "high-feeling" were
monitored. Immunological tests (DrugWipe® 5S for saliva, SureStep™ for urine, and Immunalysis™ ELISA for serum)
were conducted at various time intervals post-consumption. Serum (up to 24/48 hours), urine (up to five days),
saliva (up to 48 hours), and hair (after one month) samples were collected at different relevant time points and
analyzed by LC-MS/MS.

Results & Discussion: Maximum HHC serum concentrations (=c__) for inhalative HHC intake were 18.0 ng/mL (I1)
and 172.8 ng/mL (12) after 3 and 6 minutes (=t ), respectively. Two hours after oral HHC intake, a maximum serum
concentration of 16.4 ng/mlL was quantified. Variations in smoking techniques resulted in differentc__ . Thet__
values corresponded to known data for THC.

X

Results in the psychophysical tests varied between individuals. Two individuals displayed no (1) or only minor
(O1) impairments after HHC consumption. However, one participant (12) exhibited significant impairment during
the acute phase after inhalative HHC intake, requiring the cancellation of initial tests. A maximum subjective
"high-feeling" of 0, 8, and 7 (scale 0-10) was reported by participant 11,12, and O1, respectively.

The DrugWipe® 5S was positive in all three cases directly after consumption for a short time interval, presumably
due to residues in the mouth. However, only in one case with oral HHC intake, it was positive again for a short time
three hours post-consumption. Therefore, HHC mono-consumption does not seem to be detected sufficient-

ly with this test. The SureStep™ urine test was positive in all three cases. After inhalative intake, the urine test
remained positive for a maximum of six hours. Oral consumption led to a positive urine test result up to 72 hours.
Therefore, this test can detect HHC mono-consumption, but may lack in detection of the acute phase. The Immu-
nalysis™ ELISA for serum was able to detect the acute phase in all cases and remained positive for a maximum of 48
hours. However, in this study only a single and relatively low dose was tested. For higher doses or multiple use of
HHC products detection times with immunological tests may be longer and impairment may be more significant.

Conclusion: These data highlight the diverse pharmacokinetic profiles of HHC depending on the route of admin-
istration and individual factors. The results of the psychophysical tests varied a lot between individuals. However,
even if no or only minor impairment was noticeable in two cases, HHC could still be detected in serum of all partici-
pants. Immunological saliva tests demonstrated limited sensitivity in detecting mono-consumption of HHC, while
urine tests exhibited challenges in detecting the acute phase. Further, quantitative analysis of all collected matri-
ces as well as a wide metabolite screening with distinct focus on the diastereomers of the individual analytes are
ongoing.
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The development of a D-9-THC colorimetric breathalyzer using 3D printing manufacture

Savanah Allinson’, Aron Jaffe', Tagiyah Chernesky', Stephanie Walcott!, Emanuele A Alves'?
Virginia Commonwealth University, Richmond, USA. 20swaldo Cruz Foundation, Rio de Janeiro, Brazil

Background & Aims: According to the 2021 World Drug Report cannabis continues to be one of the most widely
used drugs worldwide. UNODC estimates that almost 4% of the global population aged 15-64 years used cannabis
at least once in 2019, the equivalent of some 200 million people. Currently, in the United States, 31 states and the
District of Columbia have legalized non-medical cannabis. In 2020, the legal marijuana market in the United States
recorded total sales of $18.3 billion. The high profit in part can be attributed to the 2018 Farm Bill, which defines
hemp as a cannabis plant or finished product containing 0.3% or less decarboxylated A9-THC and removed hemp
from the controlled substances list. As more and more products containing A9-THC are becoming available, con-
cerns about the public health consequences of cannabis use have increased.

As aresult of A9-THC ability to impair performance and decrease the ability of drivers, and the current lack of
correlation between driving impairment and A9-THC concentrations in blood, and the difficulty of creating rapid
resultsin situ increases the necessity of a quick and portable detection method to identify A9-THC in non-invasive
samples from drivers is imperative. Due to the popularity of alcohol breathalyzers, exhaled air was chosen as the
matrix for the A9-THC detection. The concentration of A9-THC in the breath is estimated to be as high as 250 parts
per trillion (ppt); a challenging detection limit that a THC breathalyzer developer must consider. However, the A9-
THC concentration in the breath that monitoring platforms can detect might be higher since some of the generated
A9-THC during smoking will be carried by aerosolized particles and deposited on the lung tissues. These particles
can be removed by exhalation and be detected in breath. The goal of this project was to develop a cartridge-based
colorimetric reaction for the creation of a breathalyzer for the detection of A9-THC in breath samples.

Methods: The development of the D9-THC breathalyzer was based on the application of an additive manufacturing
solid device made by 3D printing. Five different 3D polymerizable resins and three different cannabinoid-specific
dyes were analyzed. Resins were treated with different concentrations of Fast Blue B, Fast Blue BB, and Fast Blue RR
dyes, followed by treatment with 10 yg of A9-THC for the optimization of best resin/dye/dye concentration (1, 2, 4,
and 6% w/w) set. Cartridges were printed using an Anycubic 3D printer®. Color formation was captured using a bal-
listic microscope coupled to a high-resolution camera and the intensity of the color was analyzed using the software
ImageJ®. The solubility of the dye in the resin, the analytical signal obtained, the stability of the dye, and the influ-
ence of the shape of the cartridge were evaluated.

Results & Discussion: Five resins commercially available were tested, including the AnyCubic 3D resin suggested

by the printer vendors. The white Creality 3D resin showed the best signal for the same concentration of D9-THC
among all resins. The solubility of the dyes also showed to be better in the Creality resin when compared to the other
four resins tested. Among the dyes, Fast Blue B was shown to be the best option as it results in higher signals than
the signals given by Fast Blue BB and Fast Blue RR for the same amount of D?-THC. The concentration of dyes was
relevant for the analysis as higher concentrations showed saturation of the dye in the resin resulting in smaller solu-
bility. The concentration of 1% was chosen not because of the best signal given but because of the good solubility of
the dye in the resin at this concentration, without significant loss of signal intensity. The cartridge shape was shown
to be relevant to the stability of the reaction. However, a circular shape is the target shape due to the air collection
system that will be attached to the cartridge to form the breathalyzer prototype. A current validation of the parame-
tersis being performed and preliminary results showed the capacity of the cartridge to react positively to a con-
centration of 0.01 pg of D9-THC. Due to the nature of the reaction, no cross-reactivity with CBD is expected, and
indeed, this is one of the advantages of this prototype. Achieving lower concentrations is extremely important as the
concentration of D9-THC in exhaled air is described to be 1 ng/30 L of exhaled air.

Conclusion: In recent years, due to the increasing demand for both product complexity and multi-functionality,

many new materials have been tested for 3D printability and the forensic science application is among them. The
results obtained in this work are the initial fundamental chemical foundation needed for the construction of a reliable
semi-quantitative breathalyzer device to be applied in Driving under the Influence of Drugs (DUID) monitoring in the U.S.

On-site instrumental analysis in a toxicology context: towards portable capillary
electrophoresis for determining gamma-hydroxybutyric acid (GHB) at the point of need

Giacomo Musile!, Marc-Aurele Boillat', Goetz Schlotterbeck?, Peter Hauser’
'Department of Chemistry, University of Basel, Basel, Switzerland. ?Institute of Forensic Medicine, University of
Basel, Basel, Switzerland
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Background & Aims: The present work was aimed at assembling a novel portable capillary electrophoresis to be used
on-site in a forensic and clinical toxicology context for the determination of gamma-hydroxybutyric acid (GHB).

Arecent study carried out on 375 urine samples, tested a commercial rapid test for detecting GHB, i.e., Drugc-
heck GHB single test [1]. According to the authors, the GHB on-site test showed poor performances both in terms
of sensitivity and specificity, showing invalid results for vitamin C higher than 10 mg/dL. In the same report, the
authors compared the results with an immunoassay test, i.e., the VIVA-E GHB, demonstrating the limitation of de-
tecting exogenous GHB administration in cases of low urinary concentrations [1]. On this basis, an approach based
on a separative method for having high sensitivity and specificity is needed.

Undoubtedly, chromatography-based methods represent the most widely used separation approaches, howev-
er, implementation in portable equipment is demanding because of the need for large volumes of mobile phases,
derivatization reactions for gas chromatography, and a pump in liquid chromatography. Compared to chromato-
graphic separation methods, capillary electrophoresis (CE) demonstrated the ease of making portable instruments
that can be used in situ. This is because the high voltage power supply used for performing the separations in CE
instruments can be easily controlled by an electronic board. On this basis, CE offers several advantages for devel-
oping a purpose-made compact device.

Methods: The optimized separation conditions consisted of 20 mM of arginine, 10 mM of maleic acid, 30 uM cetyl-
trimethylammonium bromide (CTAB) and 5 mM vancomycin (pH 7.35). The separation occurred in a capillary with an
internal diameter of 25 pm and a length of 70 cm (total length of 80 cm) applying a voltage of -20 kV. The injection was
performed at 0.4 psix 12.5 sec. The detection was carried out by using a Capacitively-Coupled Contactless Conductiv-
ity Detector (C4D) by setting the excitation frequency to 320 kHz and the amplitude to 240 Vpp (peak-to-peak) using a
purpose-made amplifier. Alfa iso butyric acid has been used as internal standard at a concentration of 10 pg/mL.

Results & Discussion: A feasibility study for allocating the device inside a box has been carried out. The device is
intended to be inserted in a protector case type Peli1450® (37.36 cm x 25.96 cm x 15.44 cm). The main parts of the
prototype were: pressure controllers, cylinder (300 mL), pneumatic elements, hydraulic components (it integrates a
multiport injector with a 10 pL sample loop), Capacitively-Coupled Contactless Conductivity Detector, 2 high-volt-
age modules, microcontroller board, battery, and safety cage. The preliminary configuration allowed to run 25
analyses, and the performances, of an already validated method [2], have been preliminarily evaluated. The meth-
od allowed the determination of GHB within 15 - 200 yg/mL, the limit of detection (S/N = 3) was 4 yg/mL, and the
precision of determination was better than 6 %. On this basis, this approach was able to discriminate between low
levels of GHB from high levels of GHB, also allowing quantitative results after a proper calibration using spiked real
samples. The method was optimized for resolving y-hydroxybutyric acid from endogenous isomer B-hydroxybutyric
acid (BHB), and a resolution higher than 1.8 was obtained. The method has been optimized for analyzing urine using
the dilute-and-shoot approach. After a fourfold dilution, the sample is injected without requiring any derivatization
or extraction procedures.

Conclusion: The developed technology can be an additional tool in cases of drug-facilitated sexual assault (DFSA) at
the point of need. The use of arapid on-site instrumental technique will outcome in objective and reliable results
that will speed up investigative actions. In addition, this new technology can open up a plethora of further oppor-
tunities. The development of suitable equipment for performing on-site analyses which can be effectively used
outside of analytical chemistry laboratories for a wide variety of applications and matrices, such as blood, serum,
saliva, urine, water, etc. is envisaged.

References
[11 Smits, T. et al. Therapeutic Drug Mon. 42 (2020) 139-145
[2]1 Gong X.Y. et al. J. Chromatogr. A 1213 (2008) 100-104

Development, validation, and application of a high-throughput automated
sample preparation technique

Tyler Devincenzi, Steven R Towler, Luke N Rodda
San Francisco Office of the Chief Medical Examiner, San Francisco, USA

Background & Aims: In October of 2023, the Office of the Chief Medical Examiner (OCME) for the City and Coun-
ty of San Francisco, California, implemented an automated liquid handler sample extraction preparation tech-
nique of blood and urine for routine use.

The main aim of this project was to translate the existing manual sample preparation method to the automated lig-
uid handler platform, with the further desirable attributes being: increased sample throughput, decreased sample
preparation time, and minimized potential for human error.
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Methods: In-house method development and programming of the automated liquid handler was performed to
ensure the automated technique remains principally similar to the manual extraction method being an acetonitrile
protein crash of 0.15 mL of sample, followed by size exclusion filtration, nitrogen dry down and reconstitution with
LC starting conditions. Multiple pieces of custom labware were designed, allowing for the exploration of various
techniques throughout method development. Labware customization and custom integrations allowed for the two
methods to remain nearly identical with changes to consumables differing only to adjust for the requirements of
the liquid handler.

Physical limitations associated with automation were also addressed during development. To ensure challenging
case samples such as postmortem blood were able to be pipetted, 3.2 mm wide bore tips were utilized and the
liquid class settings were optimized. To minimize the risk of cross-contamination, blank physical spaces within
the labware (i.e., "travel lanes") were included, ensuring tips do not cross over positions that carry samples. User
prompts were introduced to minimize the potential for human error. Lastly, coordinate optimization was per-
formed to ensure correct aspiration and dispensing of all positions.

Results & Discussion: The development of this sample preparation method resulted in an ASB 036 validated auto-
mated sample extraction method that leverages the same principles and techniques originally used by the manual
sample preparation method. The developed method can prepare 72 samples per batch. Included among the sam-
ples is a seven-point calibration curve and quality control samples, all prepared by the automated liquid handler.
The typical extraction is completed with two hours of active analyst effort.

Prior to the implementation of travel lanes, trace contamination was observed. Following the implementation of the
travel lanes, this challenge has been resolved. Manual intervention is still required following implementation of the
automated liquid handler, minimally and where necessary. Specifically, manual intervention is still required to place
samples in the size exclusion filtration press, and the nitrogen dry-down steps. While automation is exceptional at
performing repetitive, well-defined tasks, there are physical limitations that require manual intervention to ensure
intended results. The reduction of user intervention allows for a better-quality product as the potential for human
error is minimized. Quality control (QC) sample data from these batches resulted in quantitation within the estab-
lished Levy-Jdennings QC ranges, demonstrating that the automated technique achieved similar or better accuracy
and precision to the established manual extraction method. Data logs recording of automated liquid handler actions
and pipetting also allowed for expanded tracking and auditing of sample extraction, ensuring efficient root cause
analysis when a challenge arises and quality control documentation for court purposes.

As of April 2024, 82 authentic case batches have been prepared using the automated sample preparation tech-
nique totaling over 3,000 case blood and urine samples extracted. Over 200 hours of analyst time (25 full working
days, over $30,000 in staff resource time) were saved during this period. Further, the implementation of the auto-
mated liquid handler allows for one extracting analyst to extract two batches (i.e., 72 samples) in the same time as
one manual batch.

The increasing accessibility of automated instrumentation and robotics introduces a unique opportunity to the
various disciplines within the field of forensic science. Within forensic toxicology, the implementation of au-
tomation allows for the mitigation of human error and maximizes the efficiency of repetitive tasks that do not
necessarily require human intervention. The fully streamlined workflow allows for a higher throughput of samples
while maintaining robust and reproducible results. The developed method utilizes simple extraction principles
allowing for untargeted drug recovery while maintaining effective clean-up prior to sample injection.

Conclusion: The introduction of automation into a forensic laboratory leads to an improved work product
through the mitigation of human error. While this is beneficial, it is important to consistently monitor and evaluate
the performance of any automation the lab is employing. We have found that in the first year following automation
implementation, challenges need to be consistently addressed and the method may require infrequent updates.

Development of a paper-based presumptive test for the detection of fentanyl and
its analogues

Archie Lambrinos', Morgan Alonzo?, Shanlin Fu'
'Centre for Forensic Science, University of Technology Sydney, Sydney, Australia. ?School of Mathematical and
Physical Sciences, University of Technology Sydney, Sydney, Australia

Background & Aims: During the past decade, there has been a sharp increase in theillicit use of fentanyl and its
analogues. This increase has been attributed to factors such as the opioid epidemic, current shortages of heroin
and the overall low cost of fentanyl. From 2019 to 2021 approximately 70,601 deaths were related to the use of
synthetic opioids (primarily fentanyl) in the United States. Fentanyl and its analogues are mostly encountered as
an adulterant in other commonly used drugs such as methamphetamine and cocaine. Unfortunately, there are a
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limited number of presumptive tests available which focus on specifically detecting fentanyl and its analogues.
Also, these presumptive tests possess selectivity issues for stimulants and many of these tests face difficulties in
providing positive results for fentanyl analogues. Thus, placing great strain on effective forensic detection of drugs
of abuse. The aim of this study was to develop a paper based presumptive test for the detection of fentanyl and its
analogues, while verifying its potential for in field use.

Methods: To prepare the test strip, Whatman filter paper No44 was cut to size and impregnated with various
chemical reagents. The test strips were allowed to dry in a fume hood for 24h before use. Substances including
fentanyl analogues were dissolved in acetonitrile and applied to the test strip for observation of a colour change.
While developing the test, factors such as buffer environments, test reagent concentrations, dimensions of the
test strip and method of analyte deposition onto the test were optimised. Once the test was developed, to deem
its usefulness forin field use the following factors were examined. Reproducibility was examined by repeating the
test under the developed conditions. Sensitivity was tested via limit of detection or LOD examination. Selectivity
testing focused on the rate of true positives and true negatives, using a total of 81 compounds. These compounds
consisted of 56 common cutting agents, 13 illicit substances and 12 fentanyl analogues. Stability was examined

by allowing the test reagent to age for 3 months and finally the development time of the colour change was deter-
mined at different test analyte concentrations.

Results & Discussion: When determining the optimal variables for the presumptive test, it was identified that
quinone x (name omitted due to patent application) was the optimal test reagent. This was due to its ability to
produce a distinctive blue colour in the presence of fentanyl. To observe a distinct colour change, the test vari-
ables required with this compound included a test strip length of 3 cm by 0.5 cm and a phosphate buffer pH 7-8.
However, to determine the effectiveness of this test method, the factors for in field use were examined. Firstly,
the colour change was reproducible. The LOD of the test strip was identified to be 10 ug however, colour changes
(while less distinct) could be visualised at concentrations as low as 3 pug. This is satisfactory as fentanyl is typically
seized in quantities ranging from mgto kg. Regarding selectivity, the test method provided a true negative rate of
95% for the total compounds tested, along with a false positive rate of 5%. Also 92% of the fentanyl analogues pro-
vided true positive results while 8% provided false negatives. Based on these results, it was identified that the test
method was highly selective in the presence of cutting agents and illicit compounds but the presence of fentanyl
analogues led to issues in the tests selectivity. It was also identified that aging the test reagent for 3 months did not
impact the test method's ability to provide a positive result. Finally, the test method displayed a colour change on
average in 2-3 minutes, regardless of the fentanyl concentration used.

Conclusion: This study was able to produce a presumptive test method for the detection of fentanyl and its ana-
logues, which was reproducible, highly sensitive to the presence of fentanyl, highly selective, displayed high levels
of stability and provided an overall fast colour change. Based on these factors, this method has the potential for in
field use for the detection of fentanyl and its analogues. However, to further validate the tests suitability for real
world applications, longer stability times must be examined, and finally more fentanyl analogues and illicit sub-
stances must be tested to further verify the selectivity of the test method.

Prevalence and blood concentration of drugs in fatal road accidents in
Western Switzerland from 2002 to 2023

Marc Augsburger', Jonathan Maurer??, Nicolas Donzé*, Claudia Castiglioni®, Tony Fracasso', Aurélien Thomas'
"University Center of Legal Medicine, Lausanne-Geneva, Lausanne-Geneva, Switzerland. 2School of Pharmaceutical
Sciences, University of Geneva, Geneva, Switzerland. 3Institute of Pharmaceutical Sciences of Western Switzerland,
University of Geneva, Geneva, Switzerland. #Institut cantonal des Hépitaux, Sion, Switzerland. University Center of
Legal Medicine, Lausanne-Geneva, Lausanne, Switzerland

Background & Aims: According to the last WHO global status report on road safety, road traffic deaths and injuries
remain a major global health challenge. In Switzerland, a decrease of road traffic deaths was observed last decades,
from 7.0 deaths per 100'000 population in 2002 to 2.6 in 2023. According to the statistics published by the Swiss
Federal Statistical Office, 2038 persons died in road accidents in Western Switzerland between 2002 and 2023.
Among the cause of traffic accidents, speed, inattention and drugs consumption are the most frequently observed.
The Swiss Traffic Law defines legal limits in whole blood to consider a driver irrefragably incapable of driving (0.50
g/kg for ethanol, zero tolerance with technical cut-off for THC (1,5 ng/ml), free morphine, cocaine, MDMA, MDEA,
amphetamine, and methamphetamine (15 ng/ml)). To gain more information concerning the type of substances
consumed before fatal road accidents and their blood concentrations, we conducted a pioneering analysis of all
requests made by the justice in Western Switzerland from 2002 to 2023 regarding this type of event.
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Methods: All official DUID cases submitted by the Justice during a period ranging from 2002 to 2023 concerning
fatal road accidents as circumstances of death were considered. Post-mortem blood ethanol concentration was
determined by HS-GC-FID. General unknown screenings were performed in urine and/or blood by GC-MS. De-
pending of the substances, GC-MS or LC-MS/MS were used for drugs quantifications in blood.

Results & Discussion: The study included 933 men (83%) and 197 women (17%). The median age of the deceased
was 42 (5™ percentile: 19; 951 percentile: 82). For 226 cases, only the ethanol quantification was requested, and
for 904 cases, a full toxicological analysis was mandated by the justice. At least one psychoactive substance (eth-
anol, cannabinoids, benzodiazepine, antidepressant, opioid, cocaine, neuroleptic, or amphetamine) was detect-
ed in 423 of 904 cases (47%), and more than one substance was detected in 146 of 904 cases (16%). Ethanol was
detected in 109 of 226 cases (48%) with only ethanol requested, and 302 of 904 other cases (33%). Median blood
alcohol concentration was 1.53 g/kg (5% percentile: 0.15 g/kg; 95" percentile: 2.64 g/kg). Cannabinoids consump-
tion was observed in 108 of 904 cases (12%). Median THC blood concentration was 8.3 ng/ml (6% percentile: 1.6
ng/ml; 95t percentile: 43 ng/ml), and median THCCOOH blood concentration was 18 ng/ml (5" percentile: 4.2 ng/
ml; 95" percentile: 54 ng/ml). At least one benzodiazepine or Z-drug was detected in 77 of 904 cases (8.5%). The
most frequently detected benzodiazepines were oxazepam (N=26, median: 41 ng/ml), nordiazepam (N=25, medi-
an: 170 ng/ml), lorazepam (N=18; median: 20 ng/ml), zolpidem (N=15; median: 51 ng/ml), alprazolam (N=9; median:
33 ng/ml), and bromazepam (N=9; median: 54 ng/ml). At least one antidepressant was detected in 53 of 904 cases
(5.9%). The most frequently detected antidepressants were citalopram (N=18, median: 130 ng/ml), mirtazapine
(N=8, median: 120 ng/ml), sertraline (N=6, median: 465 ng/ml), and venlafaxine (N=6, median: 420 ng/ml). At least
one opioid was detected in 43 of 904 cases (4.8%). The most frequently detected opioids were morphine (N=24,
median free morphine: 43 ng/ml), tramadol (N=11, median tramadol: 400 ng/ml; median O-desmethyl-tramadol:
137 ng/ml), codeine (N=10, median free codeine: 18 ng/ml), and methadone (N=10, median: 525 ng/ml). Cocaine
consumption was observed in 34 of 904 cases (3.8%). Median cocaine blood concentration was 50 ng/ml (5t
percentile: 18 ng/ml; 95t percentile: 320 ng/ml). At least one neuroleptic was observed in 7 of 904 cases (0.8%).
The most frequently detected neuroleptics were levomepromazine (N=3, median: 30 ng/ml), and quetiapine (N=2,
median: 93 ng/ml). At least on amphetamine was observed in 5 of 904 cases (0.6%). MDMA was detected in 4 cases
(median: 668 ng/ml; 5% percentile: 32 ng/ml; 95" percentile: 1385 ng/ml), and amphetamine in 2 cases (median:
44 ng/ml).

Conclusion: The most frequently observed categories of substances in fatal road accidents in Western Switzer-
land were ethanol, cannabinoids, and benzodiazepines. Central nervous system depressants were more frequently
observed than stimulants. For the substances with legal limits defined by the law, medians of concentration were
largely above these limits.

Scientific Session 8 - Alcohol and drugs and driving
10:30 - 12:30 Thursday, 5" September, 2024

Chair: Marc Augsburger, Brice Appenzeller

Prevalence of alcohol, drugs of abuse and medicines in fatal road traffic injuries in a Thai
population between 2018 and 2023

Patcharanun Chulamanee, Peerayuht Phuangphung
Department of Forensic Medicine, Faculty of Medicine, Siriraj Hospital, Mahidol University, Bangkok, Thailand

Background & Aims: Road traffic injury (RTI) has been a serious problem worldwide. World Health Organisation
(WHO) reports that it is the 12th leading cause of death of all ages, and Thailand has the ninth-highest rate of
fatalities from that causation. Driving under the influence (DUI) of alcohol and drugs has been well-studied as a risk
for RTI. However, the prevalence of DUl of alcohol and drugs in the driving Thai population is currently limited. In
addition, the Thai government started approval for medical cannabis policy since 2019 and enacted legislation that
allowed cannabis and mitragynine to be legally used in 2020 and 2021, respectively. This may have an impact on
druguse trend in Thailand including in RTI. Thus, this study aims to determine the prevalence of alcohol, drugs of
abuse, and medication in fatal RTl in Thailand from 2018 to 2023. The trend in drug use in RTI may be altered during
this period due to the decriminalization of cannabis and mitragynine. These data will be useful for legal regulations,
traffic accident prevention, and forensic analysis in Thailand.

Methods: A retrospective study was conducted on fatal RTl cases that were sent for autopsies at the Department
of Forensic Medicine, Faculty of Medicine Siriraj Hospital, between 2018 and 2023. The inclusion criteria were Thai
people who were 15 years old or over and died within 3 hours after injuries. All types of RTl cases were recruited
including riders or drivers, passengers and pedestrians. The exclusion criteria were cadavers that had signs of
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decomposition. The data were collected and separated by the year of death from 2018 to 2023. The data including
sex, age, types of RTI, blood alcohol concentration (BAC), and urine drug profiles were recorded for statistical anal-
ysis. Urine drug profiles were analysed using liquid chromatography quadrupole Time-of-Flight mass spectrometry
(LC-QTOF-MS) and gas chromatography triple quadrupole tandem mass spectrometry (GC-MS/MS). Descriptive
statistics including mean, median and standard deviation (SD) were analysed for descriptive data. The comparison
between the prevalence of DUl of alcohol and drug use was performed using chi-square test. The comparison of
BAC along the period of six years was performed using Kruskal-Wallis H test.

Results & Discussion: From 2018 to 2023, the total number of fatal RTl in the Department of Forensic Medicine,
Faculty of Medicine Siriraj Hospital recruited in this study was 1979, divided into 348 (2018), 366 (2019), 316
(2020), 325(2021), 314 (2022), and 310 (2023), respectively. 1649 cases were male (83.3%), and 330 cases were
female (16.7%) and the mean age of all subjects was 37.3 years old. The number of DUl of alcohol who had BAC
greater than 50 mg/dL from 2018 to 2023 was 144 (41.4%), 166 (42.6%), 148 (46.8%), 155 (47.7%), 166 (52.9%), and
136 (43.9%), respectively. The mean BAC of each year gradually increased from 86.0, 89.3, 95.3, and 101.9to 113.1
in 2022 and then declined to 85.9 mg/dL in 2023. The number of DUl of alcohol who had BAC greater than 50 mg/
dL and the level of BAC in 2022 was significantly higher than all other years (p<0.05) whereas the other five years did
not produce any statistical significance.

The number of subjects positive for drugs of abuse and medication in 2018 and 2019 were 43 (12.4%), and 37
(10.1%). However, the number of subjects positive for drugs of abuse and medication increased to 45 (14.2%), 49
(15.1%), 56 (17.8%) and 61 (19.7%) from 2020 to 2023, which showed a significant difference in 2023 (p<0.05). The
most frequent substances found were methamphetamine (4.8%), followed by cannabis (3.8%), benzodiazepines
(3.5%), and mitragynine (3.1%), respectively. Methamphetamine and benzodiazepines did not show significant dif-
ference over the period of six years. The number of cannabis use gradually increased along these six years and pro-
duced statistical significance in 2023 (p<0.05). Mitragynine and ketamine also gradually increased although their
figures were not significantly different during these six years. Interestingly, the number of antihistamine and 3,4
methylenedioxy-N-methamphetamine (MDMA) use significantly increased particularly in 2022 and 2023 (p<0.05).
The most common pattern of drug use in RTl was still single drug use and this pattern was relatively stable along
the period of six years. However, the number of multiple drug use (especially more than three drugs) significantly
increased particularly in 2022 and 2023 (p<0.05).

Conclusion: This study presented a relatively steady trend in the prevalence of DUl of alcohol over the period of
six years, except for a significantly higher trend in 2022. Meanwhile, the number of drugs of abuse and medication
in RTI markedly increased particularly in 2023. The significant increase of cannabis use in fatal RTl was observed
and it was consistent with the legalisation for cannabis in Thailand. In addition, multiple drug use also significantly
increased in 2022 and 2023.

Drugs of abuse detected in oral fluid samples of Victorian drivers over
15 years (2008-2022).

Matthew Di Rago'?, Scott Fletcher?!, Lachlan Arentz', Lily Tuong', Linda Glowacki', Dimitri Gerostamoulos'?,

Olaf H. Drummer'2

"Victorian Institute of Forensic Medicine, Melbourne, Australia. 2Department of Forensic Medicine, Monash Univer-
sity, Melbourne, Australia

Background & Aims: Since 2004 Victoria Police have randomly tested the oral fluid of drivers on the roadside for
methylamphetamine, methylenedioxymethamphetamine (MDMA) and delta-9-tetrahydrocannabinol (A9-THC).
From 2008, these specimens have also been screened for up to 40 additional drugs of abuse, including opiates/
opioids, stimulants, benzodiazepines, ketamine and cannabinoids. This study was undertaken to determine the
prevalence and trends in the detection of these additional drugs in specimens collected as part of the Victorian
roadside drug testing program over the last 15 years.

Methods: Oral fluid specimens collected by Victoria Police from drivers at the roadside were transported to the
Victorian Institute of Forensic Medicine for confirmatory analysis. All specimens collected between 2008-2022 un-
derwent liquid-liquid extraction before analysis using liquid chromatography tandem mass spectrometry. Positive
detections were reported above the cut-off concentrations outlined in the Australian standard AS4760. Data files
were collated into batches by year and processed in a single results table for each analyte and related compound.

Results & Discussion: Data from 89,744 oral fluid samples collected from drivers who tested positive for a Victori-
an Road Safety Act (RSA) proscribed drug between 2008 - 2022 were re-interrogated for additional drugs. Metham-
phetamine, MDMA and A9-THC were detected in 74.8%, 5.2% and 26.0% of cases respectively. The most common
drug classes found (excluding the three RSA drugs) were opiates/opioids detected in 9.6% of cases, benzodiaze-
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pinesin 5.2% and stimulantsin 2.7%. A total of 3,745 cases were reported as negative for an RSA drug (4.2% of all
cases) while other detected drugs in these cases included cocaine (4.4%), 6-monoacetylmorphine (6-MAM, heroin
metabolite, 2.5%), methadone (2.5%) and ketamine (1.9%). Over the study period, 6-MAM was detected in 2.4% of
drivers, with 2009 having the highest percentage of cases at 5.0% and 2014 the lowest at 1.6% . Similarly, cocaine,
or cocaine metabolites, were detected in 2.5% of cases, with the highest percentage detected in 2009 (5.7%) and
the lowest in 2014 (1.1%). After 2014, the percentage of cases positive for cocaine steadily increased until it peak-
ed in 2019 (3.5%). In cases that were MDMA positive but methamphetamine and THC negative, cocaine, or cocaine
metabolites, were detected in 23.8% of cases and, similarly, ketamine was detected in 23.5% of these cases. In
methamphetamine positive cases that were negative for MDMA and THC, the most common drugs detected were
6-MAM, codeine and morphine, detected in 3.8%, 4.2% and 4.1% of cases respectively. Methadone, and metha-
done metabolites, were also detected in a large percentage of these cases at 3.1%. At least one benzodiazepine (or
benzodiazepine metabolite) were commonly detected in drivers who only tested positive for one proscribed drug,
with at least one benzodiazepine detected in 3.8%, 5.1% and 4.3% of cases where only MDMA, methamphetamine
or THC were detected respectively, with diazepam and nordiazepam being the most abundant benzodiazepine.

Conclusion: This study provides insights into the drug use behaviours of drivers testing positive to RSA drugs on
the roadside and may be of interest to road safety initiatives to understand the prevalence of drugs that may cause
driving impairment.

Establishing per se limits in drug impaired driving cases: effects of raising the lower limit
for different drugs

Gudrun Hgiseth', Knut Hjelmeland', Jgrg Marland?
'Department of Forensic Sciences, Division of Laboratory Medicine, Oslo University Hospital, Oslo, Norway. 2Norwe-
gian Institute of Public Health, Oslo, Norway

Background & Aims: In Norway, per se limits for drunk and drugged driving are established, corresponding to a
blood alcohol concentrations of 0.2 per mille (lower limit), 0.5 per mille and 1.2 per mille. It has recently been
questioned from users organizations and in the media that the lower limit for THC (1.3 ng/mL in whole blood) is too
low and should be raised to the 0.5 per mille concentration level (3 ng/mL). In this regard, it is interesting to eval-
uate the level of impairment of drivers who would be able to drive legally unimpaired after such a potential change
of the Road Traffic Act. The aim of this study was to investigate the drivers with THC concentrations in the range
corresponding to 0.2-0.5 per mille blood alcohol and how many of these that show obvious clinical impairment, as
measured by a clinical test of impairment (CTI). We wanted to compare the presence of obvious clinical impairment
inthis group of THC drivers to drivers where other drugs are detected in legally equivalent concentration ranges.

Methods: All drug impaired driving cases were analyzed for a broad repertoire of ethanol and psychoactive drugs
and medicines. Cases were included if only one drug was detected and a valid conclusion of the CTl was available.
All drug concentrations were quantified using chromatographic methods and a safety deduction were subtracted
from the measured concentrations. The presence of drugs and the drug blood concentrations were compared to
the results of the CTI ("not impaired”, "mildly impaired", "moderately impaired" or "considerably impaired"). For
benzodiazepines, different drugs were converted into diazepam-equivalents. For comparison, a no drug group was
included where all analytical results were negative. Information about drug use patterns was not available.

Results & Discussion: A total number of 15514 individual mono drug-cases was included with the detection of THC
(n=6569), ethanol (n=5 160), amphetamine (n=2 873) and benzodiazepines (n=986). 89% were men and the mean
age was 34 years. The number of mono drug cases showing concentrations between 0.2 and 0.5 per mille (or corre-
sponding) was 1 790 for THC, 414 for ethanol, 832 for amphetamine and 134 for benzodiazepines.

For THC, 5.9% of the drivers in this concentration range was assessed as obviously impaired (defined as moderately
and considerably impaired) by the CTI, while the comparable numbers were 12% for ethanol, 13% for amphet-
amine and 9% for benzodiazepines. Among drivers where no drugs were detected, 5% were assessed as obviously
impaired.

Conclusion: The present study showed that if the lower per se limit for legal driving was raised from the concentra-
tion level corresponding to 0.2 per mille to the level corresponding to 0.5 per mille, 5.9% of the THC positive driv-
ers that would then be able to drive legally was assessed as obviously impaired. This is the same number as among a
no drug group. For ethanol, more than twice as many obviously impaired drivers would be able to drive legally if the
same change of lower per se limit was made.
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Comparison of the accuracy and precision of THC and cocaine/benzoylecgonine in whole
blood when using single point, two point or multipoint calibration in relation to analysis of
samples obtained under Section 5A of the Road Traffic Act 1988

Anita Tarnoska’, Vincenzo Abbate’, Susan C Grosse?, Mark C Parkin'?
"Department of Analytical, Environmental and Forensic Sciences, King's College London, London, United Kingdom.
2Forensic Toxicology Department, Eurofins Forensic Services, Feltham, United Kingdom

Background & Aims: Driving under the influence of drugs remains a significant problem in the United Kingdom. In
order to combat this ever-growing problem, in England and Wales, in March 2015 a new Section 5A of Road Traffic
Act 1988 was enacted. This states that it is illegal to drive or attempt to drive with a specified controlled drugin
blood above a specified limit. The law is per se and a driver that is caught over the specified limit is considered im-
paired to drive and can be arrested and charged. In England and Wales, there is no further charging related to how
much above the limit a driver might be. The law is only concerned with whether the drug concentration is found

to be above or below the specified limit. As such, it may not be necessary to accurately determine concentrations
either side of the limit. Typically, six or more calibrants are used to create a calibration curve covering the range

at which the compound is likely to be detected. Since the Section 5A Act is only concerned with the driver being
either above or below the limit, such a large calibration range may be redundant. Therefore, this work investigates
whether single or two-point calibration models are comparable to multipoint models in terms of accuracy and pre-
cision for quantifying certain Section 5A drugs at the specified limit. The advantage of this approach is a reduction
inthe method workload and the costs associated with the stock reference materials used to make the calibrants.
Furthermore, the single and two point approach negates the need for strict acceptance criteria related to linearity
and calibrant outliers when processing an analytical batch.

Methods: Section 5A calibrant and quality control samples at the specified limit for cocaine, benzoylecgonine (BZE)
and delta-9-tetrahydrocannabinol (THC) were collected from >100 batches previously analysed using GC-MS/MS
(THC) and LC-MS/MS (cocaine and BZE) over the period 2015 - 2023. The original multipoint calibration was then
compared to two point calibration with the calibrants bracketing the QC and single point calibration where quan-
tification was based on the straight line from zero to the next highest calibrant after the QC. The QC values, which
represent the drugs at their specified limit, were investigated for failures by calculating the mean of duplicate
injections and then assessing if each value fell within 20% of the mean, as is done with casework samples. The mean
of the duplicate QC injections were then expected to fall within 20% of the expected concentration.

Results & Discussion: For the two point calibration curve, the QCs performed to the same degree of accuracy and
precision as the multipoint calibration, as is required for the QC performance for our accredited method. For
cocaine the accuracy and precision for the 6-point calibration were 1.8% and 7.3%, for the 2-point calibration
were 0.6% and 7.8%, and for the 1-point calibration were 0.2% and 8.7% respectively. For BZE the accuracy and
precision for the 6-point calibration were 1.1% and 5.4%, for the 2-point calibration were 1.6% and 7%, and for
the 1 point-calibration were 2.6% and 8.6% respectively. For THC the accuracy and precision for the 6-point cal-
ibration were 1.3% and 11.7%, for the 2-point calibration were 2.1% and 14.4%, and for the 1-point were 2% and
17.9% respectively. However, for the single point calibration, <10% of QCs were outside of a 20% agreement of the
expected concentration of the QC for cocaine, BZE and THC. This is likely due to forcing the line through the origin
and dismissing the signal contribution from noise.

Conclusion: Replacing the current multi-point calibration with a 2-point calibration has shown to be successful,
allowing for reducing the number of calibration points when testing for Section 5A drugs. This will allow for more
samples to be run on an analytical batch and reduce costs.

The effects of sleepiness on the metabolome - road to biomarkers in oral fluid

Michael Scholz', Andrea E. Steuer', Akos Dobay?, Stefan Lakaemper3, Kristina Keller?, Hans-Peter Landolt*®, Thomas
Kraemer!

"Department of Forensic Pharmacology and Toxicology, Zurich Institute of Forensic Medicine, University of Zurich,
Zurich, Switzerland. ?Forensic Machine Learning Technology Center, University of Zurich, Zurich, Switzerland.
SDepartment of Traffic Medicine, Zurich Institute of Forensic Medicine, University of Zurich, Zurich, Switzerland.
‘Institute of Pharmacology & Toxicology, University of Zurich, Zurich, Switzerland. 5Sleep & Health Zurich, University
of Zurich, Zurich, Switzerland

Background & Aims: Nowadays, driving under the influence of sleepiness causes more fatalities than drunk driving.
This alarming trend continues despite the integration of a plethora of assistance systems and advanced sensors in
modern vehicles. In many cases, drivers' sleepiness is not caused by drugs, resulting in post-hoc negative toxico-
logical reports. By unraveling the complex relationship between sleepiness and the metabolome, forensic toxicolo-
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gists can contribute significantly to the development of more precise and targeted methodologies for ascertaining
driver impairment. This understanding is essential for establishing a scientific basis to substantiate claims of driver
impairment through alterations in relevant endogenous metabolites. Ultimately, a biomarker panel shall be estab-
lished, allowing the detection of sleepiness in routine forensic analysis.

Methods: For this investigation, we combined the findings of two independent clinical trials. In both exploratory,
monocentric, controlled, randomized, and crossover studies, participants underwent different sleep interven-
tions based on commonly occurring real-life sleep/wake scenarios (i.e., sleep restriction, sleep deprivation, and
control). In the sleep restriction condition, a sleep deficit of 8 hours (compared to control) was accumulated over
four nights, whereas in the sleep deprivation condition, the same amount of sleep deficit was generated by a single
night of no sleep. Oral fluid specimens were collected regularly before, during, and after all interventions using
Salivette® sampling devices. These samples were screened for metabolites by liquid chromatography coupled to
high-resolution mass spectrometry using an untargeted metabolomics approach. In total, 590 oral fluid samples
of 30 healthy subjects were analyzed using both reversed-phase (RP) and hydrophilic interaction chromatography
(HILIC) and in both positive (+) and negative (-) ionization modes. Raw data underwent batch effect correction
(nPYc Toolbox package) and sample normalization steps (probabilistic quotient normalization and auto-scaling)

to create a metabolic feature table. A subset of relevant metabolites was compiled by following the rationale that
sleep-dependent effects on the metabolome must recede after recovery sleep. Statistical analysis comprised re-
peated-measures two-factor analysis of variance (ANOVA) and subsequent multiple t-tests between the different
study conditions. Significantly altered metabolic features (MF) were tentatively identified via an in-house refer-
ence standard library and with the aid of in silico tools (SIRIUS, CANOPUS, CSI:FingerID) where possible.

Results & Discussion: A knowledge-based filtering approach allowed us to flag and exclude MF that either did not
follow adaptive sleep-wake regulation or were not robust in nature. With the given workflow, we could monitor 2307
metabolic features (RP +/- 695/70, HILIC +/- 1103/439) that remained for subsequent statistical analysis after fil-
tering procedures. The statistical testing resulted in 231 metabolic features (10.0 % of all detected) with significant
alterations at one or more time points after a night of sleep deprivation when compared to 8 hours of sleep. Among
these, eight MF were found to be significant at two different time points. Notably, the majority (76 %, 176 out of 231)
of the significant MF were detected in HILIC chromatography, underlining the predominantly polar properties of the
salivary metabolome. A key finding was that most metabolites were significantly altered when samples were collect-
ed in the morning hours (here at 08:10 am). For some metabolites known to be linked with sleep-wake regulation,
ANOVA results revealed that the factor 'time’ (i.e., sampling time point) was the largest influencing factor (median
9.24 %, range 3.02-42.91 %), even surpassing the intervention factor of sleep deprivation (median 1.81 %, range
0.19-12.46 %). This behavior was frequently observed in metabolites that exhibited a diurnal rhythm under control
conditions (morning trough) but showed an irregular pattern following sleep deprivation. However, we observed no
evidence of a linear relationship between time since wake and abundance of single metabolites.

Conclusion: Our findings suggest that the effects of inadequate sleep on the human metabolome can be assessed
in oral fluid and may be most pronounced in the morning hours, depending on individual circadian rhythm. Impor-
tantly, the observed changes are related to the lack of sleep, as they did not occur either before sleep deprivation
or after recovery sleep. However, due to the strong influence of time of day on the metabolome, individual inner
body time has to be taken into account. It should further be clear that sleepiness cannot be monitored based on a
single metabolite but rather has to be assessed based on various relevant metabolite ratios (i.e., metabolic shift).
This investigation paves the way for establishing a metabolomic biomarker panel for the identification of fatigued
individuals. Unambiguous identification of relevant metabolites will, however, be key for future validation studies
in real-world samples and the final application in routine forensic laboratory analysis.

Effects of sampling & handling practices on preanalytical loss of nitrous oxide from whole
blood samples

Angelica @ Lindholm, Marie Katrine Klose Nielsen, Mette Kristensen, Brian Schou Rasmussen
University of Copenhagen, Copenhagen, Denmark

Background & Aims: Driving under the influence of nitrous oxide is a potential threat to road traffic safety. In Den-
mark, we have analyzed whole blood samples from traffic cases for nitrous oxide (N,0) since 2020. The current head-
space gas chromatography-mass spectrometry (HS-GC-MS) method remains semi-quantitative, as the volatile nature
of N,O complicates the quantification. Sampling and laboratory handling practices have been suspected of affect-
ing the results, contributing to preanalytical loss of the analyte. We investigated the effects of sample tube head-
space-to-fluid ratios and opening of sample tubes prior to N,O analysis to improve our understanding of the require-
ments for proper laboratory handling when working with nitrous oxide and/or other very volatile drugs of abuse.

TIAFT 2024 ST.GALLEN SWITZERLAND 75



Methods: Blood samples were prepared in 5 mL (13x100 mm) grey-top Vacutainer® tubes to 6 different volumes
(6.5,5.0,4.5,4.0, 3.5, and 3.0 mL), spiked with N,O to a concentration of 8.0 mL/L and analyzed in triplicate and
compared to a freshly prepared 8.0 mL/L sample. Another set of triplicate samples spiked to 8.0 mL/L N,O under-
went re-sampling and analysis every day for 3 days. Characteristics of blood samples received to our laboratory in
2023 was investigated. The use of manual gastight syringes was compared to the use of a semi-automated digital
syringe for volumetric dispensing of calibrators and internal standards.

Results & Discussion: Recovery of the N,O from the samples with varying blood volumes were 44.4% (5.5 mL),
38.3% (6.0 mL), 36.5% (4.5 mL), 35.7% (4.0 mL), 31.2% (3.5 mL), and 24.1% (3.0 mL). Samples that had been opened
and sampled once and twice contained less analyte compared to those that had not been sampled before N,O anal-
ysis. Authentic blood sample volumes were within 3.4-5.0 mL for 95% of all blood samples received at our labora-
tory in 2023. (preliminary results)

Conclusion: We found that all headspace-to-fluid ratios investigated had major losses of N,O as part of the sample
preparation. The ratio of headspace to fluid in the sample tube had the biggest effect on the measured concen-
tration of N,O. We likewise found a significant loss from sampling material from the vials before the N,O analysis.
These findings may provide a framework for proper sampling and handling procedures in laboratories working with
volatile compound analysis in biological samples.

Driving under influence in Finland: Trends and remarks over the past ten years

Aino Kankaanp3a', Petri Varjos?, Nina Lauronen', Teemu Gunnar'
'Finnish Institute for Health and Welfare (THL), Forensic Toxicology, Helsinki, Finland. 2National Bureau of Investi-
gation (NBI), Vantaa, Finland

Background & Aims: In Finland, a person driving with blood alcohol of at least 0.5 %o (g/kg), or breath alcohol of at
least 0.22 mg/|, is sentenced for driving under intoxication. Furthermore, with blood alcohol level of at least 1.2

%o (g/kg), or breath alcohol of at least 0.53 mg/l a person is sentenced for aggravated drunken driving. Similarly, if
driver's blood contains drugs under the Narcotics Act, zero tolerance is applied. Impairment is evaluated if a person
has right to use substances under the Narcotics Act (e.g. benzodiazepines), or a person's driving performance may
have been impaired by any other drug (Criminal Code, Chapter 23, Section 3). If person's driving performance is sig-
nificantly impaired, a person can be, if the circumstances are such that the offence is conducive to endangering the
safety of another person, sentenced for driving while seriously intoxicated (Criminal Code, Chapter 23, Section 4).

The legislation, as well as modus operandi, are uniform across Mainland Finland. Furthermore, the toxicological alcohol
and drug analyses performed as part of driving under influence (DUI) investigations, are nationally centralized and per-
formed in a standardized manner, providing a comprehensive insight to DUl situation in Finland. The aim of this study
was to investigate how alcohol and drug use have changed in Finnish driver population during the past ten years.

Methods: All the analyses in whole blood samples were performed at the Forensic Toxicology laboratory under
Finnish Institute for Health and Welfare (THL). Alcohol analyses were performed with HS-GC-FID. Drug analyses
were performed as comprehensive screening-quantitation of around 80 psychoactive drugs of abuse and medic-
inal drugs with parallel mass spectrometric techniques, using GC-MS and UHPLC-MS/MS. All the methods are ISO
17025 accredited.

Concentrations of exhaled alcohol levels were measured with evidential breath testing devices placed in police
stations and police vehicles.

Statistics used in this study were obtained from databases of the National Bureau of Investigation and POLSTAT
(exhaled alcohol).

Results & Discussion: During the past ten years, number of alcohol investigations have continued to decrease,
which is consistent with decreasing alcohol use in Finnish general population. In contrast, the number of driving
under influence of drug (DUID) cases showed an increasing overall trend. However, after having peaked in 2020,
number of DUID cases has returned to a lower curve. Slightly more than 10 % of the cases contained both alcohol
and drug analysis requests.

Positive DUID cases contained three drugs on average, indicating that multidrug use is very common. Amphetamine
is the most abundant drug finding in Finnish driver population, with proportion of 45-65 % of all DUID cases. The
peak year of amphetamine findings was 2020, after which also amphetamine, similarly with total number of cases,
has returned to a lower curve. However, amphetamine use peaked in 2020 also in population-level wastewater
analyses, indicating that record-high number of amphetamine findings cannot be, at least solely, explained by
increased police activity.
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The occurrence of cocaine has been steadily increasing, although in the driver population it is still at a low level as
compared to amphetamine. It must also be noted that we have not included cases with cocaine metabolite benzo-
ylecgonine only, since there has been Supreme Court decision that inactive metabolites as the only finding do not
lead to driving while intoxicated sentence.

Cannabis use has been rather steady with slight increasing trend over the time. Similarly with cocaine, cases con-
taining inactive metabolite (THC-COOH) only, are not included.

Synthetic cathinones have gained popularity during the last few years. First of the noteworthy cathinones was
MDPV, the use of which had already diminished by 2013. Alpha-PVP has been the most popular synthetic cathinone
during the ten years, with marked increase in positive cases during the last few years. In recent years, two new
cathinones have appeared at significant numbers among DUID: alpha-PHP and alpha-PiHP.

Benzodiazepines are still the most encountered medicinal drugs, although their proportion has declined lately. While
the number of diazepam positive cases has decreased, clonazepam and alprazolam have gained more popularity. A
plausible explanation for this is street trading of smuggled Rivotril (clonazepam) and Ksalol (alprazolam) tablets.

Buprenorphine is the most encountered opioid drug, with a slightly decreasing relative proportion of positive cas-
es. The use of oxycodone has slightly increased.

Conclusion: The long-term increase in number of DUID cases and positive drug findings is consistent with growth
in population-level drug use as shown by other indicators such as wastewater-based epidemiology. However,
during the last years, the growth in number of DUID cases seems to have stalled. In addition to traditional drugs of
abuse, new substances may gain popularity, as exemplified by synthetic cathinones. This emphasizes the impor-
tance of keeping up with changes in drug market, and inclusion of new relevant substances in the screened drugs.

Soft mobility and DUI-related traffic accidents: the results of a study conducted in
Western Veneto in the years 2019-2023

Federica Bortolotti, Francesco Taus, Daniele Leonardi, Matilde Bissolo, Matilde Murari, Nadia M Porpiglia, Sara
Pesavento, Anna Bertaso, Rossella Gottardo
Dept. of Diagnostic and Public Health, Unit of Forensic Medicine, Verona, Italy

Background & Aims: According to the World Health Organization (WHO) traffic accidents are becoming the fifth
leading cause of premature mortality worldwide by 2030, mainly because of the increases in motorization. In this
context, many countries, including Italy, to persuade people to reduce the use of their car, implemented policies
to promote the so-called soft mobility, which refers to pedestrian, cycling and, more recently, scooter mobility.

Since the 1960s, numerous studies have proven the role that alcohol and narcotic and/or psychotropic substances
play in traffic accidents. However, most of the studies are focused on motorized vehicles (cars and motorbikes).
Much less evidence is available about the DUI-related road accidents involving non-motorized vehicles.

The objective of the present work was to present and discuss the toxicological data from road accident cases oc-
curred in Western Veneto in the period 2019-2023. A specific focus was dedicated to accidents involving pedestri-
ans and non-motor vehicles, such as bicycles and scooters.

The work was partly funded by the Department for Anti-drug Policies of the Presidency of the Council of Ministers
(PISAD project).

Methods: Blood samples were mandatorily collected from injured people who were admitted to the Emergency
Health Care Unit of the hospitals of Western Veneto between January 2019 and November 2023, after they had
been involved in a traffic accident.

Blood samples were stored at +4°C until the analysis, which was performed within three days after sample collec-
tion at the Laboratory of Forensic Toxicology of the University of Verona.

All the samples underwent toxicological analysis for blood alcohol concentration (BAC) determination and for the
search of the most common licit and illicit psychotropic drugs (opiates, cocaine, cannabinoids, amphetamine and
methamphetamine, methadone, benzodiazepines and barbiturates)

BAC determination was carried out using a validated head space-gas chromatography-flame ionization detector
(HS-GC-FID) method. The analysis of psychotropic drugs was performed by a commercial instrumental immunoas-
say confirming the positive results by validated LC-MS and GC-MS methods.

Blood samples were mandatorily collected from injured people who were admitted to the Emergency Health Care
Unit of the hospitals of Western Veneto between January 2019 and November 2023, after they had been involved in
a traffic accident.
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Blood samples were stored at +4°C until the analysis, which was performed within three days after sample collec-
tion at the Laboratory of Forensic Toxicology of the University of Verona.

All the samples underwent toxicological analysis for blood alcohol concentration (BAC) determination and for the
search of the most common licit and illicit psychotropic drugs (opiates, cocaine, cannabinoids, amphetamine and
methamphetamine, methadone, benzodiazepines and barbiturates).

BAC determination was carried out using a validated head space-gas chromatography-flame ionization detector
(HS-GC-FID) method. The search for the psychotropic drugs was performed by a commercial instrumental immu-
noassay confirming the positive results by validated LC-MS and GC-MS methods.

Results & Discussion: A total of 8,905 cases came to attention of the laboratory in the period 2019-2023 (male=
6763; 76%; females=2139; 24%; median age= 43y).

Of these 8,905 cases, 17.4% (n=1,554) showed a BAC > 0.5 g/L (Italian legal limit to drive) and almost half of these
(n=847; 46%) showed a BAC > 1.50 g/L. In addition, 17,6% of the examined subjects (n=1564) tested positive for
one or more psychotropic drugs, mainly cannabinoids (42%), cocaine (26%) and benzodiazepines (22%).

About 11% of the 8,905 cases (n=956) involved pedestrians, bicycles or motorized scooters.

Among the pedestrians (n=160; 63.1% males; 36.9% females; median age=59y), 16.3% showed BAC > 0.5 g/L, while
15.6% tested positive for psychotropic drugs.

These percentages were slightly lower for the cyclists (n=722; 78.1% males; 63.1% females; median age=48 y) who
showed a BAC > 0.5 g/Lin 11.6% of cases and tested positive for drugs in 13.4%, but, dramatically much higher for
the scooter drivers (n=74; 90.5% males; 9.5% females; median age=31y) where almost one third of subjects (27%)
showed a BAC >0.5 g/L and almost one fourth (23%) tested positive for drugs.

Conclusion: The present work has shown that a high percentage of road accidents involving soft mobility occurs

in conditions of alcohol or substance intoxication. Focusing attention on accidents involving scooters, this per-
centage is significantly higher than that of the general case study (27% vs 17% for drunk driving and 23% vs 18% for
drinking under the influence of substances).

The dramatic results concerning the injured scooter drivers could depend on an underestimation of the DUl risk,
also given the average age of the subjects (31 years). However, it is also possible that the awareness of being intox-
icated leads people to use a scooter instead of a car in the mistaken idea that the rules of the Highway Code do not
apply to driving such vehicles. In any case, the intrinsic instability of this type of vehicle significantly increases the
risk of accident when driving in a state of intoxication.

Changing gears in 2023 - putting the brakes on drugs in driving in New Zealand

Rosemary C A Moar, Helen A Poulsen, Matthew R Hosking
ESR (The Institute of Environmental Science and Research Ltd), Wellington, New Zealand

Background & Aims: New Zealand's number of fatalities and serious injuries from road crashes is persistently and
stubbornly high. In 2022 there were 374 fatalities — an incidence of 7.3 deaths per 100,000 persons. This is the
seventh worst of the 39 participating nations in the International Traffic Safety Data and Analysis group (IRTAD). The
number of fatalities has persisted across the past decade, spiking at 378 deaths in 2017 and 2018.

The New Zealand government has acknowledged the number of fatalities and serious injuries must reduce and its
Transport Agency - Waka Kotahi - has implemented a wide-ranging strategy document. "Road to Zero" was re-
leased in December 2019 and seeks a 40% reduction in death and serious injuries (from 2018 levels) by 2030.

The strategy targets multiple areas, including road user choices. 'Road user choices' aims to encourage safer
choices and behaviour on our roads. The Institute of Environmental Science and Research Ltd's (ESR) forensic
toxicology group provides analytical and technical expertise, as well as research, to support part of this strategy.

ESR is the only laboratory in New Zealand to carry out Land Transport Act per se blood alcohol analysis and drug con-
firmatory analysis. Adrug driver regime introduced in 2009 was based on driver 'type' and Class of the drug detected.

Recent New Zealand driver studies have demonstrated the significant involvement of alcohol and other drugs in
fatal crashes, for example 48% of fatal crashes in 2022 involved alcohol and/or drugs. The consistently strong rela-
tionship between drug use and crashes led to public and political groundswell for roadside oral fluid testingand a
more comprehensive drug testing regime, in order to disincentivise drug driving.

Methods: The New Zealand Government formed an advisory panel of five experts, who reviewed published scientific
literature, considered New Zealand data from drug-related car crashes and examined drug-driving limits set out
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by other jurisdictions. The experts provided a raft of recommendations which included statutory per se limits for a
limited range of drugs. This proposal was enacted and commenced in March 2023.

Transparency and collaboration were key in this significant legal and process change. First, the ease of access for
all to both road crash data and the Expert Panels recommendations enabled buy-in from many. Second, the experts
made it quite clear that unlike alcohol, there is insufficient data to associate concentration levels for a specific
drugin blood to an effect on driving. This 'front-footing' may have affected the number of court-based challenges
to the reported results for this new system. Third, NZ Police and ESR collaborated to create a testing regime based
on 'incident type and severity', acknowledged the limitations of some scientific analysis and provided a cost-effec-
tive and quick blood testing process, with reports in suitable format for Police Officer ease of use in court pro-
ceedings.

In New Zealand there are two key blood alcohol levels for drivers over 20 years. There is an infringement level (50
mg/dL) and an offence level (80 mg/dL). A similar two-tier system of drug levels has been implemented. For 25
drugs there are 'Tolerance' blood drug levels for infringements and 'High-risk' blood drug levels for offences. These
25 drugs include those that are highly prevalent in New Zealand society (such as methamphetamine and cannabis),
alongside a range of opioids and sedatives. The presence of other potentially impairing drugs can be reported, and
still is.

Results & Discussion: In April 2024 we will complete analysis of the samples submitted during the first full year of
this new regime. This presentation will examine the cases submitted and reported, and provide insights into driver
type, crash type, drug use and geographical trends.

Preliminary results from the 1750 cases submitted during the first year demonstrate that cannabis and meth-
amphetamine remain dominant in drug-driver samples. Nearly two-thirds of the samples were submitted from
hospitalised drivers.

37% of blood samples contain tetrahydrocannabinol (THC) (level range 0.5-61 ng/mL) and 29% contain metham-
phetamine (level range 10-1300 ng/mL). Other regularly detected compounds include diazepam (3%), tramadol
(3%) and methadone (2%). 25% of cases had no drugs detected - nearly all of these were from hospitalised drivers.

Poly-drug use is prevalent with 26% of positive cases containing at least two non-medically administered drugs and
several cases containing five drugs with reportable levels. The combined use of methamphetamine and THC is most
common. Methamphetamine is also regularly detected with either diazepam and zopiclone.

Probably due to its geographic isolation, New Zealand has a unique illicit drug profile. The detection of three
cocaine cases in one year is unprecedented, with benzoylecgonine detected in a further 12 cases. Many novel
compounds were also reported including flubromazolam, ADB-BINACA and dimethylpentylone.

Conclusion: It is timely to examine the first year of data to determine what in-roads have been made into New
Zealand drug-driving and how the information collected can be used to further improve our justice system and road
safety outcomes.

Scientific Session 9 - Clinical toxicology
14:00 - 16:00 Thursday, 5" September, 2024

Chair: Hans Maurer, Naren Gunja

Characterization of the alcohol biomarker phosphatidylethanol in donor whole blood
and apheresis red blood cells

Theresa Kinard', Loralie Langman?, Paul Jannetto?, Christine Snozek'
'"Mayo Clinic Arizona, Phoenix, AZ, USA. 2Mayo Clinic Rochester, Rochester, MN, USA

Background & Aims: Phosphatidylethanol (PEth) is a long-term marker of alcohol consumption used frequent-

ly in clinical scenarios such as liver transplant evaluation and behavioral medicine. Consensus interpretations

for PEth concentrations are: <20 ng/mL (0.03 pmol/L), 'compatible with abstinence or low alcohol consumption’;
20-200 ng/mL (0.03-0.28 umol/L), 'alcohol consumption’; 2200 ng/mL (20.28 pmol/L), 'strongly suggestive of
chronic excessive alcohol consumption'. Recent cases have demonstrated that packed red blood cell (pRBC)
transfusion creates the potential for artificial elevation or decrease of observed PEth concentrations in recip-
ients, which confounds interpretation of recipient PEth concentrations, particularly when assessing alcohol
abstinence. Currently, very little is known about the prevalence or stability of PEth in blood products. The aims of
this study were to characterize PEth concentrations in healthy blood donor populations, and in the corresponding
pRBC units from whole blood and apheresis donations.
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Methods: Apheresis and whole blood donations were tested for PEth using liquid chromatography - tandem mass
spectrometry (LC-MS/MS). Briefly, the 16:0/18:1 (POPEth) and 16:0/18:2 (PLPEth) isoforms were extracted from
whole blood using supported liquid extraction (Chem Elute S, Agilent). Calibrators (10-1000 ng/mL) and controls
(15, 200, 800 ng/mL) were spiked fresh for each batch. POPEth-d5 and PLPEth-d5 (both 50 ng/mL) were used

as internal standards. Extracts were injected onto a Sciex 6500 LC-MS/MS using electrospray ionization in neg-
ative ion mode. The assay was validated in accordance with Clinical Laboratory Improvement Amendments stan-
dards for Ethylenediaminetetraacetic acid (EDTA) whole blood, with a lower limit of quantitation of 10 ng/mL for
both PEth isoforms.

EDTA blood collected at the start of donation in Rochester MN (northern USA), and paired samples from RBC,
apheresis-derived (RBC-A) and RBC, whole-blood-derived (RBC-WBD) units were obtained. RBC units were sam-
pled after collection in routine anticoagulant and additive solutions. Additional units donated in Maricopa County,
AZ (southwestern USA) were sampled to test PEth stability and the impact of irradiation. Units or pRBC segments
were stored under routine blood bank conditions prior to testing to simulate real-world conditions.

This study was deemed exempt from human protections review.

Results & Discussion: Over 40% of apheresis and whole blood donors (n=102) had POPEth 210 ng/mL (maximum
observed PEth: 587 ng/mL). Of these, 19 donors had POPEth concentrations between 10-20 ng/mL; 48 had PO-
PEth between 20-200 ng/mL; 13 had POPEth >200 ng/mL. As whole blood units were processed into component
pRBCs, PEth concentrations increased and were higher than donor whole blood levels prior to collection (maxi-
mum observed POPEth: 711 ng/mL). Storage for up to 5 weeks post donation resulted in a mean 17.3% decrease in
PEth-positive units; in contrast to a prior report, we observed no PEth formation in units with negative (<10 ng/mL)
baseline concentrations. Irradiation of pRBCs did not substantially affect PEth concentrations or stability in either
PEth-positive or PEth-negative units.

PEth prevalence and concentrations in healthy blood donors are sufficient to potentially confound alcohol use or
abstinence assessment in pRBC recipients. Although there was some relationship between EDTA PEth concentra-
tion and the measured PEth in pRBC units, donor PEth was only loosely correlated to the PEth measured in blood
products. Processingto pRBCs tended to increase the observed PEth concentration, but there was substantial
variability, particularly from whole blood donations.

Conclusion: Currently, it is unknown how long PEth may persist to detectable levels following a transfusion; more
studies need to be performed to provide recommendations since the detection window will be dependent on the
volume of PEth positive units transfused and any on-going patient blood loss. pRBC transfusion has the potential
to cause either false positive or false negative PEth results in blood product recipients. Toxicology, transfusion
medicine and clinical practices such as transplantation and behavioral medicine should recognize this phenome-
non and collaborate on testing protocols to appropriately interpret PEth in pRBC recipients.

Ayurvedic medicine: A 'natural’ way of managing type 2 diabetes? A case study

Jennalrion, Lubbe Wiesner
University of Cape Town, Cape Town, South Africa

Background & Aims: Diabetes is a chronic iliness characterised by elevated levels of blood glucose. Commonly pre-
scribed diabetes medication includes metformin and sulphonylureas (glimepiride, gliclazide, glipizide and glybu-
ride). The main goal of these oral medications is to help lower blood glucose levels to within a health range. These
medications can increase the risk of hypoglycaemia and have several potential side effects, both minor and severe.

Ayurveda is a system of traditional medicine native to India that relies on a natural and holistic approach to physi-
cal and mental health. There are a few studies that suggest that Ayurvedic medicine might help manage symptoms
in people with type 2 diabetes, however most of these trials are small or not well-designed.

In this case study a doctor at a diabetic clinic was approached by a husband and wife (late 50's) with established
type 2 diabetes. The couple wanted to treat their diabetes 'naturally' and had concerns about taking Western
medication. They had been managing their diabetes with Ayurvedic medicine prescribed by a doctor and obtained
from alocal health pharmacy. Before agreeing to treat the couple, the doctor at the diabetic clinic wanted to test
the Ayurvedic medication for the presence of any active hypoglycaemics. The aim of this study was to analyse the
pills being taken by the couple in order to determine if they contained any active diabetic medication. The wife's
Ayurvedic regimen included five pills and three powders, and the husband was taking four pills, all made up of dif-
ferent preparations.

Methods: In total nine pills and three powders were received for analysis. Each of the pills was crushed into a pow-
der. Water (2 mL) and acetonitrile (2 mL) were added to separate Eppendorf tubes containing the crushed pills and
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powder samples. These were vortex mixed and sonicated. The samples did not fully dissolve, and after the sedi-
ment had settled, 10 uL of each pill solution was added to 990 pL injection solution (water: methanol, 9:1, v/v). 5 L
was injected into the SCIEX X600R QTOF system.

The vMethod application (designed by SCIEX) was used for the analysis of the pills. Separation was achieved using

a Kinetex 2.6 um Phenyl Hexyl (50 mm x 4.6 mm) column with 10 mM ammonium formate in water (mobile phase A)
and 0.05% formic acid in methanol (mobile phase B) at a flow rate of 700 uL/min. Positive electrospray ionization
was used for data acquisition in Sequential Window Acquisition of All Theoretical Fragment-lon Spectra (SWATH)
mode. All mass spectra were acquired from m/z 50 to 900. The instrument was automatically recalibrated every five
sample injections using ESI positive calibration solution delivered through a calibration delivery system. SCIEX OS
v3.1.6 software was used to control the instrument and for the processing of the data. Compounds were identified
by MS/MS library matching with a SCIEX Forensics High-Resolution MS/MS spectral library. The confidence criteria
used for compound identification were mass error, retention time error, isotope ratio difference and library score.

Results & Discussion: All of the medication being taken by the wife contained varying amounts of the diabetes
medication, metformin. Additionally, one of the sulphonylureas, glyburide, was found in two of the pills. Two out of
the four pills being taken by the husband contained metformin. No drugs were detected in the third pill, however
in the fourth pill, strychnine was detected. Strychnine is obtained from the seeds of Strychnos nuxvomica, a tree
native to India, and is (today) used in the United States, primarily as a pesticide to control rodents.

These results show that uncontrolled amounts of diabetic medicines were added to the Ayurvedic medicine reg-
imen prescribed to these patients. The amount of metformin and glyburide added to the pills was not regulated.
Not only does this make the patients more susceptible to experiencing side effects of the medication, this can also
cause several complications in the management of the patients' diabetes.

Unfortunately, even after being presented with the results from the analysis of the pills, the patients chose to
continue taking the Ayurvedic medication for the management of their diabetes and were going to rather follow up
with a 'natural’ doctor.

Conclusion: In conclusion, these two patients who initially chose to treat their diabetes naturally through Ayurvedic
medicine to avoid potential side effects of Western medication ended up, unknowingly at first, taking unregulat-

ed amounts of Western diabetic medication. These results were forwarded to the South African Health Products
Regulatory Authority (SAHPRA) which is a public entity responsible for the regulation of health products intended
for human use. The results from the analysis of samples in cases such as this are important and if reported to the
relevant regulatory authorities have the potential to protect patients from unknowingly taking medication that is not
regulated.

Accidental intoxication of three policemen with ADB-BINACA after inhaling substance
containing dust

Wiebke Rudolph-Allritz', Catharina Baesler?, Marc Villwock?

'Institute of Legal Medicine, Department of Forensic Toxicology, Potsdam, Germany. ?Central Service of Police in
Brandenburg, Medical Department, Oranienburg, Germany. 3State Office of Criminal investigation Brandenburg,
Department of Chemistry and Physics, Eberswalde, Germany

Background & Aims: The usage of synthetic cannabinoid receptor agonists (SCRAs) in younger population is known
for recent years. But not only the consumption also the production of SCRA containing products like coated CBD-
rich or even THC-containing cannabis-products and so-called c-liquids (SCRA-containing e-liquids) could lead

to serve intoxications. However, we describe three intoxications of police men after accidental high dose contact
with ADB-BINACA (N-[1-(aminocarbonyl)-2,2-dimethylpropyll-1-(phenylmethyl)-1H-indazole-3-carboxamide)
while investigating a potential cannabis plantation. While investigations it turns out to be also a production place
of SCRA containing cannabis products and vapes. After deinstallation of an exhaust fan in an unused attic, the
policemen where exposed to a cloud of ADB-BINACA containing dust. The policemen were hospitalized, and serum
samples were taken for further examinations. Additionally seized samples also those taken from the exhaust fan
were analyzed in the lab of the state office of criminal investigation.

Methods: Serum samples were analyzed for classic drugs of abuse in the local hospital and in the authors lab using
immunoassays, gas-chromatography-mass spectrometry (GC-MS) and liquid chromatography coupled with a
quadropoly time-of-flight mass spectrometry (LC-QTOF) screening methods after solid phase extraction (SPE) on
a C18-column for sample preparation. While quantification of ADB-BINACA and determination of metabolites was
not possible for serum samples in the authors lab, a specialized external lab (Department of Forensic Toxicology,
University of Freiburg, Germany) was commissioned. Seized cannabis products were qualitatively analyzed after
ethanolic extraction using a GC-MS while GC coupled with a flame ionization detector (GC-FID) was used for quan-
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tification of containing THC. SCRAs were identified using GC-MS screening and LC coupled with ion-trap (ToxTyp-
er®) after extraction using chloroform/methanol (v:v, 1:1). Particle size of the identified ADB-BINACA powder was
determined by using scanning electron microscope coupled with energy dispersive X-ray spectroscopy (SEM-EDX).

Results & Discussion: The seized cannabis materials were mainly buds, haze, and extracts containing ether higher
CBD-concentrations or A7-, A8-, A9-THC-concentrations. The analyzed powder contains high concentrations of
ADB-BINACA with determined particle size £1 ym in relevant amounts. Due to particle size and high concentration
intoxication by inhalation was generally possible. Screenings for classic drugs of abuse and other medication in the
taken serum samples were negative. Serum concentrations of the three policemen for ADB-BINACA were 1.4, 3.1,
and more than 10 ng/mL. Those policemen were between 37 and 57 years old, physically fit, healthy with no long-
term medication. They often had to handle those kinds of situations and were well trained. However, they were
wearing hand gloves but no face masks for any reason. After contact with the ADB-BINACA containing dust onset
of symptoms began after approximately 10 minutes and were described as follows: tachycardia (up to 166 bpm),
hypertension (up to 200/100 mmHg), dyspnea, disorientation, extensive sweating, and the feeling of losing touch
with reality as well as fear of death. They had to rest on the grass outside, sitting or standing was physically not
possible. The officer with the highest measured serum concentration of more than 10 ng/mL ADB-BINACA (57 y.0.)
also described loss of memory and had to be treated with i.v. metoprolol but finally fully recovered and was fit for
service after a couple of weeks. The officer with the medium serum concentration of 3.1 ng/mL (37 y.o.) fully re-
covered and was fit for service within 5 days. He only described kind of hangover for 2-3 days after hospitalization.
The 42 y.o. man with the lowest determined serum concentration of 1.4 ng/mL ADB-BINACA showed the mildest
physically symptoms but the worst psychological symptoms as episodes of depersonalization, panic attacks, flash-
backs, and lack of concentration. A post-traumatic stress disorder (PTSD) was attested, and he finally was fit for
service after more than 5 months but psychological not fully recovered yet. However, other officers also standing in
the attic with more distance to the dust were not notable affected.

Conclusion: This case describes an alternative accidental way of intoxication with ADB-BINACA after inhaling of
SCRA containing dust by three policemen. The high concentrated dust with the low particle size led to serve intox-
ication symptoms after inhalation. The physically and psychological symptoms showed no correlation with the dif-
ferent determined serum concentrations of 1.4. - 10 ng/mL. Also, long term disorders like PTSD were possible and
also associated with lower serum concentrations. And finally, it shows the importance of careful handling unknown
substances in each situation.

A case of acute psychosis post consumption of Delta-9-o THC and HHC laced edibles.

Rohan Rana', Shawn Bested', Brook Bested', Sumandeep Rana?
'San Marin High School, Novato, USA. 2THINKTOX, Novato, USA

Background & Aims: In recent years, synthetic cannabinoids have surged in popularity as substitutes for traditional
marijuana products. Among these alternatives are compounds like HHC (Hexahydrocannabinol) and Delta-9-o0 THC
(Delta-9 tetrahydrocannabinol acetate, also known as Delta-90, D90 or Delta-9 THCo) which offer users a potent
experience akin to natural cannabinoids but with potentially heightened risks. As the market for synthetic can-
nabinoids continues to expand, driven by factors such as accessibility and perceived legality, concerns regarding
their unregulated nature and unknown pharmacological effects are largely ignored. Children and young adults are
especially vulnerable and easily deceived by the product labeling and legal claims, subjecting themselves to harm.
While traditional marijuana has been extensively studied, the physiological impact of synthetic counterparts such
as Delta-9-o0 and HHC remains largely unknown.

This investigation aims to address the critical gap in understanding of these synthetic cannabinoids by focusing

on a hospitalization case in the United States following ingestion of gummies laced with HHC and Delta-9-o THC.

By analyzing this case in detail, including the user's understanding of products, clinical presentations, laboratory
findings, and treatment outcomes, the aim is to shed light on the specific risks associated with these emerging syn-
thetic cannabinoids. By engaging the impacted population (youth) in this study as co-authors, another critical aim
of this work is to leverage peer to peer conversations in educating the most vulnerable group i.e., the youth. Teen-
age authors in this study will leverage their learnings from this work to educate their peers regarding the harmful
effects of these "so-called" legal products. This unique approach is critical as our young adults and the next gen-
eration must be cautious and aware of the risks that these drugs entail. Ultimately, this work aims to inform public
health efforts and policy initiatives aimed at safeguarding vulnerable populations.

Methods: In-depth interviews were conducted with the user and their two friends to obtain the timeline of the
events and to collect information regarding the subjective symptoms from the user's perspective. All three individu-
als volunteered to provide this information with the goal of educating others. The friends interviewed were present
during the incident and took the gummies themselves but did not have any adverse effects. They took the patient to
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the hospital and provided care during hospitalization and afterwards. Additionally, use history and product labelling
was reviewed and user's understanding of the safety of products was assessed via interview. Hospital records and
findings were reviewed, clinical symptoms were documented based on hospital findings and eye-witness reports.

Results & Discussion: Within one hour of ingesting one gummy on the eve of New Year 2024, acute auditory halluci-
nations were reported by the user leading to severe psychiatric manifestations that lasted more than a week. The
individual was hospitalized on day three of the incident by two friends who got increasingly worried about the de-
teriorating mental condition of their friend. In-hospital toxicology screening was conducted resulting in a positive
response on the cannabinoids screen. Confirmation testing was not ordered by the hospital treating the patient
and hence the product labeling could not be verified. However, the product label claimed to contain delta-9-o
THC, 25mg. Additionally HHC and Delta-9 THC were listed in the ingredients list. The patient was interviewed three
weeks after the episode and vividly remembered all details of the two weeks long episode and volunteered all the
information regarding their experience. The account of events was verified by the friends present during the inci-
dent who took this individual to the hospital. Three other individuals, including the two friends who took the pa-
tient to the hospital, had consumed the same product at the same time but did not experience any adverse events.
The case history and the associated subjective adverse effects will be discussed in detail during this presentation
toinform the audience of the clinical manifestations and treatment outcomes.

Conclusion: The escalating prevalence of synthetic cannabinoids like Delta-9 THC-o0 and HHC underscores the
urgent need for further research to elucidate their safety profile. The case involving adverse reactions, including
severe psychiatric manifestations and physiological distress, presented in this report raise red flags about their
potential hazards.

Investigating y-hydroxybutyrate (GHB) detection time and associated symptoms:
Insights from a randomized clinical trial

Kathrine Bohn Faldborg', Lambert Kristiansen Sgrensen’, Jgrgen Bo Hasselstrgm', Charlotte Uggerhgj Andersen'?
'Department of Forensic Medicine, Aarhus, Denmark. 2Department of Clinical Pharmacology, Aarhus, Denmark

Background & Aims: y-hydroxybutyrate (GHB) is important in forensic investigations, due to its potential use to
incapacitate victims of crime. However, detecting GHB is challenging due to its rapid elimination and endogenous
concentrations. Current guidelines state that GHB intake can be detected for up to 6 hours in blood and up to 12
hours in urine.

As part of arandomized clinical trial aiming to detect biomarkers with metabolomics to prolong the detection time
of GHB, we here report simultaneous measurements of GHB in blood, urine, and saliva after controlled intake of
GHB, using an optimized UPLC-MS/MS method. Furthermore, we report symptoms experienced by the partici-
pants.

Methods: Thirty healthy volunteers were randomly assigned to receive a single dose of GHB (sodium oxybate, 50
mg/kg) or placebo. Blood, urine, and saliva samples were collected at baseline, aswellasat 1,2, 3,4, 6,and 12
hours after exposure. Additionally, urine samples were collected 24 hours post-exposure. Blood samples were
collected in tubes containing a fluoride oxalate mixture. Urine and saliva samples were collected in plastic cups and
transferred to tubes without additives. All samples were cooled immediately after collection and transferred to
long-time storage at -70 degrees within less than 7 hours. GHB was quantified in all matrices using a sensitive LC-
MS/MS method with lower limits of quantification (LLOQ) of 5 ng/mL in blood and 10 ng/mL in urine and saliva.

The participants in the trial rated symptoms (e.g. dizziness, fatigue, headache, and nausea) on a scale of 0 to 10 at
each sample collection time point.

Results & Discussion: In the placebo group, median GHB concentrations were 14 (IQR=11-16) ng/mL in blood, 82
(IQR=55-140) ng/mLin urine, and 110 (IQR=63-170) ng/mL in saliva, when considering all measurements across col-
lection times (n=13-15, 7-8 samples pr. participant). No trends in concentrations within and between days were ob-
served. Comparing GHB concentrations in the active treatment group (n=14-15) to those of the placebo samples at the
corresponding time point (n=13-15), we found that the GHB concentrations were significantly elevated for 12 hours in
blood and urine, and for 6 hours in saliva in the active treatment group. Similarly, the GHB concentrations in the active
treatment group were significantly different from baseline for 12 hours in blood and urine, and for 6 hours in saliva.

The maximum median concentrations (C__) observed in the different matrices were 50,000 (IQR=41,000-59,000)
ng/mL in blood, 440,000 (IQR=280,000-510,000) ng/mL in urine, and 29,000 (IQR=18,000-48,000) ng/mL in saliva.
The time to peak concentration (T__) was consistent across all matrices, occurring 1 hour after administration.

The participants in the active treatment group reported varying degrees of nausea, dizziness, fatigue, confusion,
and affected hearing or vision. Furthermore, they experienced difficulties concentrating and a diminished con-
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trol of their movements. These symptoms, coupled with a general feeling of being affected by the drug, were most
prominent after 1 hour. As such, the highest scores (9 out of 10) registered were after 1 hour to feelings of dizzi-
ness, fatigue, and concentration difficulties. Apart from being hungry and slightly tired, only few and mild symp-
toms were reported in the placebo group.

Conclusion: Utilizing optimized sample collection with immediate cooling and sensitive LC-MS/MS analysis, this
study demonstrates higher GHB concentrations in blood and urine for up to 12 hours after intake, and in saliva for
up to 6 hours compared to endogenous levels. Moreover, the symptoms reported by the participants following GHB
intake, provide valuable insights to the existing forensic understanding of symptoms associated with GHB intake.
These findings enhance our understanding of GHB pharmacokinetics and highlight the importance of controlled
sample storage and sensitive detection methods in forensic GHB investigations.

Investigating psilacetin metabolism: in vivo conversion to psilocin in male rats

Ana MF. Pego’, Grant C. Glatfelter?, David R. Manke?, Andrew Chadeayne*, Michael H. Baumann?, Marta Concheiro-
Guisan'

"Department of Sciences, John Jay College of Criminal Justice, City University of New York, New York, USA. ?Designer
Drug Research Unit, Intramural Research Program (IRP), National Institute on Drug Abuse (NIDA), National Institutes
of Health (NIH), Baltimore, USA. 3Department of Chemistry & Biochemistry, University of Massachusetts Dartmouth,
North Dartmouth, USA. “CaaMTech, Inc, Issaquah, USA

Background & Aims: 4-Acetoxy-dimethyltryptamine (psilacetin) is a synthetic analog of 4-phosphoryloxy-dimeth-
yltryptamine (psilocybin) which is used recreationally for its psychedelic effects. Psilacetin is a putative prodrug
for psilocin, but there is limited evidence for the conversion of psilacetin to psilocin invivo. Thus, the goal of the
present study was to determine plasma concentrations of psilacetin and psilocin after administration of psilacetin
to male rats, and to relate plasma pharmacokinetic measures to pharmacodynamic effects.

Methods: Male Sprague-Dawley rats (300-400 g) received subcutaneous (s.c.) injection of psilacetin (0.1,0.3 1.0

or 3.0 mg/kg) or its saline vehicle. The administration via s.c. route in rats is optimal for modeling the p.o. route in
humans, especially regarding peak drug concentrations in the bloodstream. Plasma was collected and pharmacody-
namic effects (temperature, locomotor score, and wet dog shakes) were determined at 0, 15, 30, 60, 120, and 240
min time points. Atotal of 180 rat plasma samples were quantitated by a fully validated LC-MS/MS method. Samples
were extracted by combining 50 pL of plasma with 50 yL of 0.1 M ascorbic acid and 25 pL of a 0.1 uyg/mL internal
standard solution, followed by protein precipitation with 250 uL cold acetonitrile. The mixture was vortexed and
centrifuged (16,873 rcf for 10min). The supernatant (200 uL) was evaporated at 55°C under nitrogen, and the resi-
due was reconstituted in 100 pL of mobile phase (95:5, 0.1% formic acid in 10 mM ammonium formate (pH 3):0.1%
formic acid in acetonitrile). The method used a Kinetex C18 (2.6 ym, 2.1 x 100 mm,) chromatographic column and
ESI positive mode with two MRM transitions monitored for identification, with a total run time of 10 min.

Results & Discussion: Pharmacokinetic data demonstrated a dose-proportional relationship between psilacetin
dose administered and psilocin plasma concentrations and indicated complete conversion of psilacetin to psi-
locin invivo. Moreover, Cmax values ranged from 6.1 to 87.7 ng/mL after 0.1 to 3.0 mg/kg doses, respectively. These
values closely resemble those observed in human subjects, further indicating the comparability of s.c. administra-
tionin rats to the p.o. route in humans, particularly concerning measured Cmax values. Pharmacodynamics revealed
atemperature decrease which was significant at higher doses. To the best of our knowledge this is the first in vivo
study evaluating pharmacokinetics and pharmacodynamics of psilacetin across various doses and time intervals.

Conclusion: This study demonstrates that psilacetin is rapidly converted to psilocin in rats, and the parent com-
pound was not detected, even at the earliest time point post-administration. Psilocin plasma levels in rats receiving
psilacetin mirror those observed in humans receiving psilocybin, showing a dose-dependent relationship. Higher
psilacetin doses (1 and 3 mg/kg) lowered body temperature. The dosages used in this study are in line with those
reported previously. In conclusion, psilacetin exhibits a prodrug mechanism analogous to psilocybin, suggesting
psilacetin might serve as a psilocybin-like treatment in humans.

This study demonstrates that psilacetin is rapidly converted to psilocin in rats, and the parent compound was not
detected, even at the earliest time point post-administration. Psilocin plasma levels in rats receiving psilacetin
mirror those observed in humans receiving psilocybin, showing a dose-dependent relationship. Higher psilacetin
doses (1 and 3 mg/kg) lowered body temperature. The dosages used in this study are in line with those reported
previously. In conclusion, psilacetin exhibits a prodrug mechanism analogous to psilocybin, suggesting psilacetin
might serve as a psilocybin-like treatment in humans.
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Use of an untargeted screening workflow to detect new LSD metabolites following
controlled LSD administration to humans

Sina Favrod', Friederike Holze?, Matthias E. Liechti?, Thomas Kraemer', Andrea E. Steuer!

"Department of Forensic Pharmacology and Toxicology, Zurich Institute of Forensic Medicine, University of Zurich,
Zurich, Switzerland. 2Division of Clinical Pharmacology and Toxicology, Department of Biomedicine and Depart-
ment of Clinical Research, University Hospital Basel, Basel, Switzerland

Background & Aims: Lysergic acid diethylamide (LSD) is a semisynthetic classic psychedelic drug derived from
lysergic acid, a substance found in the parasitic rye fungus. LSD is one of the most potent psychedelics known,

and doses as low as 25 pg can cause alterations in consciousness. LSD poses a substantial analytical challenge due
toits instability, the low concentration of detectable parent drug, and extensive metabolism. Its metabolism has
been studied in animals and in vitro experiments postulating numerous LSD metabolites, but most of these were
never detected in forensic casework. Systematic (untargeted) metabolism studies in human biological matrices are
scarce. Therefore, this project aims to adapt an untargeted analytical method and a data analysis workflow com-
monly used in metabolomics to systematically screen for and identify new LSD metabolites following controlled LSD
administration to humans that are more consistently detectable in human urine samples.

Methods: Urine samples of twenty healthy subjects from a placebo-controlled, randomized, cross-over LSD study
were utilized (Holze et al, Neuropsychopharmacology, 2022). The urine samples, collected over 8h after the ad-
ministration of a 200 pyg dose of LSD or placebo, were protein precipitated and analyzed using an untargeted liquid
chromatography high-resolution mass spectrometric analysis method (QTOF-MS Sciex 6600; reversed phase, ESI+,
data-dependent acquisition, mass range m/z 50-1000). Untargeted data was processed using MS-DIAL (version
4.9.2) for peak picking, retention-time alignment, and blank filtering. Statistical testing and filtering were done

in R (version 4.3.2). Changes between the placebo and LSD condition were compared individually per participant
(paired samples, individual fold-change) and across the entire dataset (median fold-change). The data was subse-
quently filtered according to the following criteria: linearity in a QC-dilution series (R?>0.8), median fold-change

> 2, p-value <0.05 (Wilcoxon test), and increase in individual fold-changes in at least 70% of the paired samples.
Sirius (version 5.8.6), an in-house database, and manual structure elucidation were used for preliminary identifica-
tion.

Results & Discussion: Peak picking yielded 20'943 features which were reduced to 57, using the specified filter-
ing criteria. These features represent the most promising LSD biomarkers, given their consistent presence among
study participants. The feature with an m/z of 3566.1956 showed the highest median fold change (670). Sirius iden-
tified this feature as LSD's main metabolite 2-oxo-3-hydroxy-LSD, and its retention time, MS1, and MS2 spectra
matched the reference standard. This demonstrates the workflow's ability to detect known LSD metabolites. None
of the other described known LSD metabolites, such as nor-LSD or hydroxy-LSD were identified within the strictly
selected feature list, due to low sensitivity. Hydroxy-LSD glucuronide (m/z 516.2340, fold-change infinite) also
failed the linearity criteria but was manually identified in 18 samples. Looking at the MS2 spectra of 2-oxo-3-hy-
droxy LSD and LSD, common fragment ions are either m/z 221, m/z 222, and/or m/z 223. A fragment ion of m/z 221
is also present in the MS2 spectra of the selected features with a precursor m/z of 295.2051, 363.2151, 379.2114,
382.2591, and 400.2322 pointing to LSD-related structures. Of these, the feature with an m/z of 400.2322 showed
the second-highest median fold change (80) and was preliminarily identified as a carboxyl derivative of 2-oxo-3-
hydroxy LSD. Six other features contained a fragment ion of m/z 223. Sirius identified four of these features as
cortisol-related compounds, which, combined with an observed fold change of 2-3.5, indicates that these features
are likely endogenous compounds. Finally, seven features with two MS2 fragments in common (m/z 130 and 84)
showed a median fold change greater than five, suggesting an exogenous origin. None of these resembled other
expected LSD fragmentation patterns and could not be tentatively identified so far.

Conclusion: Using the adapted workflow, we were able to detect a probable new metabolite of LSD, namely a car-
boxyl derivative of 2-oxo-3-hydroxy LSD. Several other features showed promising characteristics but have not yet
been identified. This may broaden the panel of metabolites actually being detectable in urine samples. Our results
demonstrate that the sole examination of common or typical fragments does not guarantee the detection of LSD
metabolites or derivatives but that untargeted data filtering may reveal other promising biomarker candidates. A
group of endogenous compounds was identified by chance, showing that this workflow can be used for more than
finding new drug metabolites. If suitable, these endogenous compounds could be used as indirect biomarkers for
LSD use. This could help to study LSD-use patterns or to search for underlying toxicological aspects of LSD-effects
in humans. Overall, this workflow shows potential for detecting new metabolites as well as endogenous markers
after LSD consumption and could also be applied to other drugs of abuse that share analytical challenges with LSD.
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Two cases of intoxication with delta-9-tetrahydrocannabiphorol (THCP),
a new semi-synthetic cannabinoid.

Marie Carles', Lucas Bertaina', Anne-Laure Pelissier', Jean-Claude Alvarez?, Romain Pelletier®, Thomas Gicquel®,
Caroline Solas-Chesneau’, Nicolas Fabresse!

"University Hospital La Timone, Assistance Publique - Hépitaux de Marseille, Marseille, France. ?2University Hospital
Raymond Poincaré, Assistance Publique - Hépitaux de Paris, Garches, France. 3University Hospital Pontchaillou
Rennes, Rennes, France

Background & Aims: Tetrahydrocannabiphorol (THCP) is a potent phytocannabinoid naturally occurring in trace
amounts in cannabis. It has a 30- and 5.8-fold greater affinity than THC for CB1 and CB2 receptors, respectively
[Bueno J. et al. J Nat Prod 2021;84:531-536], due to its two-carbon longer alkyl chain. The current lack of regu-
lation has led to the marketing of legal products, labelled THCP, claiming effects similar to those of cannabis, as
previously for hexahydrocannabinol and its analogues. We report the first cases of delta-9-tetrahydrocannabipho-
rol (THCP) intoxication following oral consumption of oils in a recreational setting.

Methods: Non-targeted toxicological screeningin blood, urine and oils were performed by LC-HRMS (Orbitrap
Exploris 120, ThermoFisher Scientific) using a previously published method [Becam et al. J Chromatogr B Analyt
Technol Biomed Life Sci 2023;30:1224:123739]. Oils were also analyzed by GC-MS (GC : 7890A, MS : Agilent 5975C,
Agilent). The oil labelled THCP was also analyzed by NMR (Bruker Avance IlI™ HD 500 MHz).

Results & Discussion: During the night of 07/12/2023, a 42-year-old woman and her 36-year-old companion con-
sumed 2 drops of 2 oils: the first labeled cannabidiol (CBD) 4%, and the second THCP 10,000 mg, both purchased in
a CBD shop. On the night following ingestion, the first patient experienced nausea, vomiting and dizziness, which
led her to consult the emergency department. On arrival, she presented with partially reactive mydriasis and major
spastic hypertonia. She progressively deteriorated neurologically, with a Glasgow sc (GCS) = 10, and lactatemia at

3 mmol/L(VN =0.5- 1.5 mmol/L). The electroencephalogram showed an encephalopathic profile despite normal
brain imaging. She was transferred to a neurology unit, where she was discharged on 12/12/2023 following com-
plete resolution of her neurological disorders. At the same time, her partner was also admitted to the emergency
department, presenting with a neurological picture of vigilance disorders (GCS=13), obnubilation, nuchal rigidi-

ty, pyramidal syndrome, epileptoid tremor of the lower limbs, fine apraxia and loss of strength. The EEG showed
encephalopathic phenomena. The patient was transferred to a psychiatric intensive care unit. She was moody and
agitated, and exhibited echolalia with unmotivated laughter, inappropriate singing and abnormal behavior, necessi-
tating the administration of cyamemazine. On 11/12, she presented a psychiatric picture with hypomania and agi-
tation. She was transferred to a psychiatric hospital for in-patient treatment, but was later discharged even though
her condition had not fully improved. She was subsequently seen several times for follow-up consultations. Since
the poisoning, the patient has suffered from depression and has yet to resume her professional activities.

Following their admission in emergency department, a blood sample was drawn and sent to the toxicology labora-
tory for analysis along with both oils.

Toxicological screening by LC-HRMS found CBD in CBD oil only (not detected in urine and blood, LOD = 0.5 ng/mL),
and other samples were negative. THCP was absent from the libraries used in these reprocessings (mzCloud™, NIST
LC-HRMS, HighResNPS). NMR analysis reveals the presence of THCP at a level of 12% in the corresponding oil. Plas-
ma THCP concentrations were 12.1 ng/mL for the first patient and 11.9 ng/mL for the second. It was not detected
inurine (LOD = 0.5 ng/mL).

Conclusion: To our knowledge, there are no pharmacological or clinical data on THCP. Nevertheless, the severity of the
symptoms experienced by the two victims, probably linked to THCP's high affinity for CB1 and CB2 receptors, calls for
great vigilance with regard to this compound. It also seems important to include THCP in toxicological screening.

Glucagon like peptide-1 analogues and misuse for weight-loss purposes: semaglutide and
liraglutide proteins analysis in whole blood samples by the use of LC-ESI-HRMS method

Nadia Arbouche!, Alice Ameline', Laurie Gheddar', Jean-Sébastien Raul', Pascal Kintz'?
"Laboratory of Toxicology, Strasbourg, France. ?’X-Pertise Consulting, Mittelhausbergen, France

Background & Aims: The use of GLP-1 analogues has been increasing worldwide in recent years due to their

benefits in treating type Il diabetes. Thanks to their effects on appetite regulation, in many countries they are also
used, especially semaglutide, to treat obesity. However, due to their promotion by social media and celebrities as
a weight-loss treatment, GLP-1 analogues are misused by a non-diabetic and non-obese population and also by a
young public, which is the main target of these media. Following the alert by the ANSM (Agence nationale de sécu-
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rité du médicament) in France and the FDA (Food and Drug Administration) in the United States, which imposed
the addition of fatal effects to the list of side effects for semaglutide, the misuse seems to become a public health
problem. For this reason, it seems important that a toxicology laboratory is able to evidence the presence of these
drugs in blood. In this study, the authors have developed and validated a method for the identification and quanti-
fication of semaglutide and liraglutide in whole blood using a LC-HRMS method.

Methods: LC separation was achieved using a Waters Acquity HSS C18 column (150 x 2.1 x 1.8 ym) with a controlled
temperature maintained at 50 °C. A 5-pL injection with a 0.25 mL/min flow of waters with 0.1 % of formic acid (sol-
vent A) and acetonitrile with 0.1 % of formic acid (solvent B) was used. A Xevo G2-XS Q-TOF high-resolution mass
spectrometer (Waters corporation, Milford, MA, USA) was used, operating in positive ion mode and in sensitivity
mode. In MS scanning, data were acquired from 500 to 2000 m/z. For semaglutide, the 4-fold charged [M + 4H]*
molecule was observed at m/z 1029.29752 (which deconvolutes to 4117.70139), while for liraglutide the 4-fold
charged ion [M + 4H]* was observed at 938.76490 (which deconvolutes to 3754.53707).

The extraction was performed by blood protein precipitation using a mix of ACN/MeOH (70:30), after the addition
of 50 ng/mL of internal standard (bovin insulin). The method was applied to authentic whole blood samples follow-
ing a hospital request for GLP-1 analogs determination and to postmortem blood samples. The blood samples were
stored at + 4°C until analysis.

Results & Discussion: Usual therapeutic blood concentrations of both drugs are in the range 50-150 ng/mL. The
validation procedure demonstrated an acceptable linearity between 2 and 500 ng/mL. LOD and LOQ were 1 and
2 ng/mL, respectively. Intra and inter-day precision were below 20 % at three concentrations. The method was
successfully applied to the blood samples of 3 diabetic patients under treatment of semaglutide (concentrations
ranged from 31 to 70 ng/mL) and to one postmortem blood sample which tested positive for liraglutide at 12 ng/
mL. These concentrations fall within the limits of therapeutic blood concentrations described in the literature.

Conclusion: The use of semaglutide and liraglutide is increasing for the treatment of type Il diabetes but along with
its therapeutic use, its misuse for weight loss is also increasing. Because of their side-effects, which can be lethal,
it seems essential to be able to document an intake of these drugs. The method developed aims to highlight a ther-
apeutic administration of semaglutide and liraglutide, to be able to also evidence the presence of traces in case

of improper administration and also to ensure a forensic application on whole blood, which is the most common
matrix in this field.

Scientific Session 10 - Analytical methods
16:30 - 18:00 Thursday, 5" September, 2024
Chair: Dirk Wissenbach, Simon Elliott

Evaluation of spectroscopic techniques for on-site drug testing on festival seizures

Natalie Meert, Joy Eliaerts, Filip Van Durme, Sarah M.R. Wille, Nele Samyn
NICC, Brussels, Belgium

Background & Aims: Belgium has a wide variety of music festivals which are visited by an international scene. De-
spite the fact that drugs are illegal, a drug-free festival, however, is an utopia. For law enforcement it is necessary
to rapidly determine whether controlled substances are involved. This is a very challenging task since drug of abuse
appear in different physical forms such as tablets, powders, crystals, pastes, etc., and are not always easy to distin-
guish from medication. The aim of this study was to compare the performance of two devices using spectroscopic
techniques, Raman and Fourier transformation-Infrared (FT-IR) for the on-site identification of drug seizures.

Methods: Drugs samples were measured through the package with a handheld Raman instrument (Rigaku Progeny).
Thereafter, the homogenised samples were analysed with a portable FT-IR spectrometer (Alpha Il Briker). In the
case of MDMA-tablets, a chemometric model was applied on the FT-IR spectra for the estimation of the dose. The
on-site test results were confirmed in the forensic laboratory with reference techniques: gas chromatography (GC)
combined to mass-spectrometry (MS) or a flame-ionization detector (FID). In total 166 samples of which 90 tablets,
53 powders, 16 crystals and 7 liquids were analysed.

Results & Discussion: MDMA (59%), cocaine (11%) and ketamine (9%) were the top 3 drugs seized. The majority of
XTC-like tablets contained MDMA but also fake tablets (without active compound) and tablets with another active
drug (such as ketamine and 2C-B) were detected. The Raman technique was suitable for powders and crystals
(sensitivity of 100 and 81% respectively). In comparison to FT-IR, Raman performance was lower for the analysis
of liquids (sensitivity of 71%) and ‘ecstasy’-like tablets (sensitivity of 41%, mainly a problem for the dark or metal-
lic coloured tablets). Overall, sensitivities above 95% were obtained with FT-IR. The MDMA doses of the tablets,
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determined on-site with the FT-IR combined with a chemometric model, ranged between 52 and 336 mg MDMA hy-
drochloride (median dose of 172 mg). These quantitative results were in agreement with the GC-FID results (dose
range of 77 to 266 mg; median 169 mg). Taking into account an on-site warning limit of 200 mg MDMA-HCI, only 3
tablets were incorrectly categorized (2 overestimated and 1 underestimated) with the on-site system.

Conclusion: For a quick identification of a variety of drugs on-site, the combination of the two spectroscopic
techniques Raman and FT-IR is recommended. A particular advantage of Raman is the fact that it can measure
samples as such (and through transparent packaging) while for FT-IR, the powders/crystals and tablets needed

to be crushed which is time-consuming and potentially dangerous. For the analysis of ecstasy-like tablets, how-
ever, FT-IR is recommended since the Raman technique was not providing an identification in almost half of the
MDMA-tablets, mainly for the dark and/or metallic coloured tablets. Since performing both Raman and FT-IR was
time-consuming it can be recommended for future on-site measurements to use Raman for powders, crystals and
liquids. For the tablets FT-IR is the preferred method since this technique had the highest sensitivity and an esti-
mation of the MDMA dose can be performed.

It should be emphasized that optimized detector settings, as well as updated and correct in-house libraries are es-
sential to obtain correct results. Moreover, adequate training of the operators is necessary. Both concerning drug
recognition -certainly in the ever changing drug market- and working with the spectroscopic instruments.

Ketamine - a new (or old) kid on the block: A comprehensive three-year spatio-temporal
study in Belgium through wastewater-based epidemiology

Natan Van Wichelen', Tim Boogaerts', Maarten Quireyns', Rania Dermitzaki', Peter Delputte?, Sofie Schaerlaekens?,
Naomi De Roeck?, Bavo Verhaegen®, Koenraad Van Hoorde?®, Hadrien Maloux*, Veronik Hutse*, Celine Gys', Adrian
Covaci', Alexander L.N. van Nuijs'

'"Toxicological Centre, University of Antwerp, Antwerp, Belgium. 2Laboratory for Microbiology, Parasitology and
Hygiene, University of Antwerp, Antwerp, Belgium. 3Infectious Diseases in Humans, Foodborne Pathogens, Sciensano,
Brussels, Belgium. *Epidemiology and public health, Epidemiology of infectious diseases, Sciensano, Brussels, Belgium

Background & Aims: Initially intended for medical purposes as anaesthetic, ketamine has become increasingly
popular as a recreational drug, leading to concerns about its abuse and associated health risks. Even though there
has been a marked rise in intoxication events and adverse effects since 2018, obtaining a comprehensive picture
on ketamine prevalence at a population scale remains difficult due to the limited availability of data collection
methods and associated challenges. For example, surveys could be biased due to non-response and fear of stigma-
tization. Additionally, ketamine is not mandated to be measured by law enforcement (e.g. drugs in traffic) in most
countries, contributing to a lack of information on its consumption pattern. To address this gap, wastewater-based
epidemiology (WBE) has been employed to estimate ketamine consumption by analysing human ketamine bio-
markers in influent wastewater (IWW). The objective of this study is to assess which biomarkers are best suited for
consumption measurement and to evaluate spatio-temporal trends in consumption patterns of ketamine within
the northern region of Belgium, Flanders.

Methods: An analytical workflow based on solid-phase extraction and liquid-chromatography coupled to tandem
mass spectrometry was developed and validated for the measurement of ketamine, norketamine and dehydroket-
amine in IWW. Lower limits of quantification were set at 20, 4 and 8 ng/L, respectively. Spatial comparison involved
26 locations across Flanders, including urban areas as well as more rural regions. For this purpose, composite
24-hour IWW samples collected on Monday and Wednesday between January and July 2023 (n=721) were anal-
ysed. Additionally, atemporal dataset consisting of daily IWW samples from Leuven (n=393) and Brussels (n=238)

in 2021 and 2022 was examined. A time series based statistical framework was used to graphically assess temporal
differences, including an autocorrelation function and Seasonal and Trend decomposition using Loess decompo-
sition. Considering the limited use of ketamine as an anaesthetic within hospital environments in Belgium and the
implementation of wastewater filtration systems in medical facilities, the proportion of licit ketamine consumption
can be regarded to be minimal. All concentration measurements were transformed in population-normalized mass
loads (PNML), by multiplying the concentration in IWW with the flow rate and subsequently dividing by the popula-
tion size of the catchment area. The PNML serve as proxy for human consumption of a specific population within a
particular area and time frame, expressed as mg/day/ 1000 inhabitants. For temporal comparisons, dynamic popu-
lation equivalents based on mobile phone data were used for refining back-estimations.

Results & Discussion: Ketamine and norketamine were identified as preferred biomarkers due to their high detec-
tion frequencies (98% and 96% of all examined samples, respectively), while dehydronorketamine was excluded
from temporal analysis owing to lower detection frequency (76%). Overall, the ketamine/norketamine ratio showed
a stable temporal pattern in both locations, highlighting a similar occurrence of both biomarkers in spatio-tempo-
ral trend evaluation. On specific timepoints, sudden increases were observed in the ketamine/norketamine ratio,
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potentially suggesting direct disposal of ketamine in the sewer system, further demonstrating the need for appro-
priate human metabolic biomarkers. Spatial analysis revealed median PNMLs ranging from 8-105 (ketamine), 4-47
(norketamine), and 1-15 (dehydronorketamine) mg/day/1000 inhabitants with substantial consumption in both
urban and rural areas. Higher consumption was observed in the largest cities of each province, while regional dif-
ferences were observed with increased consumption in the east of Flanders. Temporal analysis showed no general
or seasonal trends in both examined locations, but a significant increase (58%) in consumption during weekends
was noted. When comparing with historical IWW data available in three analysed locations, ketamine use increased
7-fold, 12-fold and 15-fold in 2023 compared to 2012 in the catchment areas Brussels-North, Antwerp-South and
Deurne, respectively.

Conclusion: For the first time in Belgium, the potential of WBE as a complementary surveillance method to mon-
itor spatio-temporal trends in ketamine consumption is demonstrated. It can be concluded ketamine is currently
widely consumed throughout Flanders as evidenced by a substantial quantification frequency and significant PNML
levels, encompassing both urban and rural areas, with higher consumption rates observed in urban centres, partic-
ularly province capitals. There were no discernible seasonal or longitudinal trends, indicating a stable, normalized,
year-round consumption. A distinct increase in consumption during weekends suggests a potential association
with recreational activities. In future WBE studies, it is recommended to measure norketamine as a an appropriate
biomarker for ketamine consumption as norketamine can be more consistently associated with human consump-
tion compared to measuring the parent compound itself.

Insights from four years of wastewater surveillance for novel psychoactive substances
from up to 20 countries

Richard Bade', Dhayaalini Nadarajan', Nikolauos Rousis', Sangeet Adhikari?, Christine Baduel®, Lubertus Bijlsma*,
Erasmia Bizani®, Tim Boogaerts®, Daniel Burgard’, Sara Castiglioni®, Andrew Chappell?, Adrian Covaci®,
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Psichoudaki'!, Xueting Shao?®, Arndis Sue Ching Love?, Rafael Silva Feitosa'®, Cezar Silvino Gomes?*, Bikram Sub-
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Background & Aims: Novel Psychoactive Substances (NPS) are a complex addition to the international drug market.
Their initial designation as 'legal highs' intimated safe and licit consumption in place of conventionalillicit drugs
such as methamphetamine, ecstasy, cocaine and cannabis. Legislation has been introduced to curb their use due
unknown effects and safe dose sizes. Nevertheless, more than 1200 substances have been reported to the United
Nations Office of Drugs and Crime Early Warning Advisory on NPS from all continents. With new NPS being identi-
fied every year, itis crucial from a public health standpoint to continue to monitor these compounds. Wastewater
analysis has emerged as a complementary tool to provide community level consumption information. The aim of
this work was i) to understand international spatial and temporal trends in the use of NPS through the sampling of
wastewater every New Year period (i.e end of December - beginning January) from up to 20 countries over a four-
year period; ii) to examine if preferences for NPS drugs change from year to year and iii) to establish whether data
on NPS obtained from wastewater analysis is comparable to other data sources.

Methods: Influent wastewater was collected in >50 sites from 20 countries including Australia, New Zealand, China,
Republic of Korea, United States, Canada, Nigeria, Brazil, Spain, Iceland, Italy, Greece, Slovenia, Cyprus, Sweden,
France, Belgium, Germany, United Kingdom and Czechia. Samples were collected over a one week period during
the New Year period between 2019/20 and 2022/23. These sites included small towns, large cities as well as places
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with a known influx of holiday makers. Samples (100 mL) were loaded onto solid-phase extraction cartridges in the
country of origin and sent to Australia for elution and analysis. All samples were analysed using a targeted triple
quadrupole liquid chromatography - mass spectrometry (LC-MS/MS) method. Concentrations were calculated us-
ing the isotope dilution method, and an 8-point calibration curve with concentrations ranging from 0.5 - 500 ng/L.
As labelled internal standards were not available for the NPS in this work, a surrogate internal standard was utilised.
To estimate excreted mass loads, flow rates and population were provided from each wastewater treatment plant
catchment area. The method was updated annually, based on the literature and discussions with national and in-
ternational forensic and health agencies.

Results & Discussion: A total of 27 NPS were found across the four years of this project, from a range of classes
including synthetic cathinones (e.g. eutylone, N,N-dimethylpentylone, 3-methylmethcathinone), designer ben-
zodiazepines (e.g. bromazolam, etizolam, clonazolam), synthetic opioids (e.g. protonitazene), phencyclidine-type
substances (e.g. 2F-deschloroketamine, 2-oxo-PCE) and plant-based compounds (e.g. mitragynine). Across the
fouryears, specific temporal and spatial trends could be ascertained. For example, 3-methylmethcathinone

was primarily found in sites in Europe, with the 2020-21 period having the lowest mass loads - coinciding with
the strictest COVID-19 restrictions - before rebounding in the 2021-22 period. This was in agreement with data
collected by the European Monitoring Centre for Drugs and Drug Addiction. Eutylone was found to be consistent-
ly high in sites from New Zealand from 2020-21 to 2022-23, with the COVID-19 pandemic having limited effect,
similar to findings from the New Zealand drug checking program, Know Your Stuff. Mitragynine was found in highest
levels in sites from the United States, but also found in most other sites, with increases in mass loads seen be-
tween 2021-22 and 2022-23. The impact of legislative measures on NPS was also seen, with significant decreases
in 3-methylmethcathinone found in the European sites in 2022-23, after it was controlled. Similarly, 2F-de-
schloroketamine had a reduction in mass loads in a site in China, after it was controlled.

Conclusion: Monitoring and surveillance of NPS internationally is an ongoing and complex problem. This wastewa-
ter-based study provides an insight into the NPS market internationally over the past four years, including before,
during and after the COVID-19 pandemic. By collecting samples at the same time each year, a 'snapshot’' of NPS use
is observed, revealing the dynamic nature of the NPS market. These data indicate the promise of more systematic
wastewater analyses to identify and monitor trends in the use of specific NPS in different populations and identify
temporal and spatial patternsin their global spread of use.

Comparison of four experimental setups for bias and precision studies in method
validation according to different guidelines exemplified for a LC-MS/MS assay for
morphine, hydromorphone and their metabolites in human plasma

Lisa OB3owski, Daniela Wissenbach, Frank T. Peters
Institute of Legal Medicine, Jena University Hospital, Friedrich Schiller University Jena, Jena, Germany

Background & Aims: Bias and precision are key parameters for method validation of quantitative analytical meth-
ods. Method validation guidelines relevant in forensic toxicology and related fields, agree that bias and precision
studies should employ experimental setups with replicate analysis of QC samples over several days. However, there
isno general agreement on the minimum numbers of days and replicates per day to be included. Therefore, the
aim of the presented work was to systematically compare bias and precision results for a LC-MS/MS method for
determination of morphine and hydromorphone as well as their major metabolites in plasma obtained with the
experimental setups suggested by the validation guidelines of the Society of Toxicological and Forensic Chemistry
(GTFCh; 2 replicates on each of 8 days), the Standard 036 issued by the American National Standards Institute/
AAFS Standards Board (ANSI/ASB; 3 replicates on each of 5 days), and the recommendations for bioanalytical meth-
od validation of the US Food and Drug Administration (FDA; 5 replicates on each of 3 days).

Methods: The assay covering morphine, hydromorphone, morphine-3- and -6-glucuronides, normorphine, norhy-
dromorphone, hydromorphone-3-glucuronide and dihydromorphine, employed protein precipitation of serum
samples followed by UPHLC- MS/MS analysis on a triple quadrupole instrument operated in MRM mode. Bias and
precision experiments included analysis of QC samples at four concentration levels across the respective calibra-
tion ranges. For each QC sample, 6 replicates (a-f) were analyzed on each of 10 days (D1-D10). Based on the results
from these analyses, repeatability (within-day precision) and time-different intermediate precision (laboratory
precision) were calculated as %RSDs and bias as percent deviation of the mean from the respective nominal value
as detailed in the GTFCh and ANSI/ASB guidelines. Three different sets of values were calculated for the GTFCh
(D1-D8, ab; D1-D8, cd; D1-D8, ef) and FDA (D1-D3, a-e; D4-Dé, a-e; D7-D10; a-e) designs and four for the ANSI/
ASB design (D1-D5, a-c; D1-D5, d-f; D6-D10, a-c; D6-D10, d-f). Additionally, results were calculated for the entire
dataset (D1-D10, a-f). The difference between maximum and minimum estimates for repeatability, intermediate
precision and bias within the subsets of each of the three experimental setups (GTFCh, ANSI/ASB, FDA) were cal-
culated and compared between setups. Smaller differences (i.e., narrower ranges) of results within the same setup
were considered indicative of more consistent estimates of the respective validation parameters.
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Results & Discussion: For the entire dataset (D1-D10, a-f), bias results ranged from -20.1% to 15.6%, repeatability
results from 3.0% to 8.9%, and intermediate precision from 3.5% to 11.8%. For the 10 different subsets (3 GTFCh,
4 ANSI/ASB, 3 FDA) bias results ranged from -22.9% to 17.0%, repeatability from 2.0% to 12.9%) and intermediate
precision from 2.2% to 15.9%. For the 32 differences (eight analytes x four concentration levels) for each of the
validation parameters between the lowest and highest estimates obtained within each of the experimental setups
results were as follows: For bias, the lowest differences were observed 16 times with the GTFCh setup, 11 times
with the FDA setup, and 5 times with the ANSI/ASB setup. For repeatability, the lowest differences were observed
13 times with the FDA setup, 12 times with the GTFCh setup and 7 times with the ANSI/ASB setup. For intermedi-
ate precision, the lowest differences were observed 22 times with the GTFCh setup, 8 times with the FDA setup
and 2 times with the ANSI/ASB setup. The finding that smaller differences for intermediate precision were most
frequently observed using the GTFCh setup is in line with theoretical expectations, since this design is associated
with highest number of degrees of freedom (df) for the factor "day" (df=7 for GTFCh vs df=4 for ANSI/ASB and df=2
for the FDA design), which generally has the largest contribution to this parameter.

For the entire dataset, 2 estimates for bias slightly exceeded the acceptance limits (x20% at all concentrations for
ANSI/ASB; £20% near LLOQ and +15% at other concentrations for GTFCh and FDA). All other estimates for bias, re-
peatability and intermediate precision were within these limits. Estimates for the subsets exceeded the respective
acceptance limits for bias 4/96 times (4.2%; GTFCh and FDA) and 7/128 times (5.5%) for the ANSI/ASB setup. For
repeatability and intermediate precision, all estimates fulfilled the respective acceptance criteria with exception
of one intermediate precision estimate in the FDA setup.

Conclusion: In the studied datasets, the GTFCh experimental setup covering more days with fewer replicates pro-
vided somewhat more consistent bias, repeatability, and intermediate precision estimates compared to the ANSI/
ASB and FDA setups covering fewer days with more replicates, but a similar total number measurements (n=16 for
GTFChvs. n=15 for ANSI/ASB and FDA). However, all three approaches yielded essentially identical findings regard-
ing compliance or non-compliance of the mentioned validation parameters with the respective acceptance limits.
Whether these observations can be genarilized is a matter of further studies.

Mathematics-based best practices for the method of standard addition

Brigitte Desharnais'-2 Etienne Lebrun', Jocelyn V Abonamah?, Szabolcs Sofalvi

"Laboratoire de Sciences Judiciaires et de Médecine Légale, Montréal, Canada. ?Université de Montréal School of
Public Health, Montréal, Canada. *Cleveland Clinic Foundation, Cleveland, USA. “*Cuyahoga County Medical Exam-
iner's Office, Cleveland, USA

Background & Aims: The method of standard addition (MSA) is an analytical strategy best used for new or sel-
dom-encountered analytes (e.g., new psychoactive substances) and rare or complex matrices (e.g., tissues). Its
interest lies in the inherent correction of matrix effects and the reduction of required validation experiments. Un-
fortunately, guidance on its application in forensic toxicology is scarce. In references dealing with MSA, such as the
ANSI/ASB Standard 054 and published literature, calculations are not covered beyond the simple x-intercept formu-
la. This work aims to establish mathematics-based best practices for MSA, in particular as it pertains to calibration
model selection and measurement uncertainty (MU) estimation.

Methods: Experimental response curves (signal to concentration, n=283) of multiple analytes on different LC-MS/
MS instrumental platforms were used to generate simulated MSA datasets, using a precision equivalent to 10% of
the signal. Monte Carlo simulations were performed using R version 3.6.1 or above and RStudio® version 1.2.5001
or above. The simulated datasets were then subjected to different methods for regression model selection and MU
estimation. To select the best approach, precision and accuracy of the results were evaluated, together with appli-
cability to forensic toxicology settings.

Results & Discussion: In typical external calibration analytical methods, proper selection of the calibration model
(weight, linear/quadratic) will yield the best accuracy. This is also true with MSA, despite the fact that models other
than linear, unweighted are almost never used in the MSA literature.

While ANSI/ASB 054 suggested calibrators typically do not require weighting, these levels are in fact not optimal
foraccuracy in MSA. All weight selection techniques rely on calibrator replicates. Interestingly, in MSA, increasing
the number of replicates is a better path to increased accuracy than increasing the number of calibrator levels.
Replicate measurements are thus highly recommended due to the dual benefits of accuracy and weight selection.
With three replicates or more, the mathematically accurate weight pattern can be used: equal to the inverse of the
replicates' signal variance. If measurements are not replicated, an arbitrary choice of weight must be made. When
two replicates or fewer are available, it is suggested to set the weight as the inverse of the squared signal due to the
high prevalence of this heteroscedasticity pattern in analytical chemistry methods.
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While conventional wisdom holds that MSA regressions can only be linear and not quadratic, a few authors have
recently been challenging this claim. In a quadratic model, the concentration in the unknown sample is found by
solving for the negative parabola root. Monte Carlo simulations performed show that if the dataset used is quadrat-
ic - which is often the case with LC-MS measurements - then a quadratic regression will yield more consistently
precise and accurate results. However, concentration is more likely to be underestimated unless the number of
replicates is increased to three or more.

An MU seldom, if ever, accompanies the MSA result in the literature. Yet, as with all other measurements, the
analyte concentration does suffer from uncertainty of measurement. While several different approaches might
be valid to estimate a concentration's MU in MSA, the standard prediction interval formula and coordinate swap-
ping were tested in this work. These two methods are self-contained, meaning they only rely on the calibration
results acquired for the MSA analysis, and not on extraneous measurements such as the instrument's precision in
other methods. Simulations show that both calculations yield statistically similar results. In the end, the coordi-
nate-swapping approach was favored for its ease of use and lessened theoretical concerns.

These MSA best practices were implemented in user-friendly platforms to perform calculations based on exper-
imental data. The first platform is an Excel spreadsheet with VBA programming; the second platform is an online
application coded with the R programming language (https://toxbrigitte.shinyapps.io/EZMSA/). Both platforms
allow the user to visualize data, calculate the analyte's concentration in an unknown sample and its associated MU,
and generate reports in PDF and DOCX formats. The online application further allows data importation and cus-
tomizable report generation. Both platforms will also automatically choose the most accurate model weight and
order depending on the number of replicates; furthermore, the R-based application allows the selections to be
overridden if the user wishes to do so.

Conclusion: Using the mathematical theory underlying least squares regression and Monte Carlo simulations based
on experimental signal-concentration response curves, some best practices for MSA use in a forensic toxicology
setting were obtained. First, the regression model, including weight and order (linear/quadratic) must be selected
for the data at hand. Second, accuracy and selection of the regression weight will be improved by increasing the
number of replicates, rather than increasing the number of calibration levels. Finally, MU is most easily calculated
using a coordinate-swapping approach.

Using these best practices together with user-friendly Excel spreadsheet or online application, toxicologists now
have all the required tools to obtain accurate results from their standard addition analyses.

Development of a sensitive SPE-LC-MS/MS method for analysis of insulin variants,
C-peptide and hemoglobin in postmortem vitreous humor and cerebrospinal fluid

Hans Brabec, J6rg Réhrich, Cora Wunder
Department of Forensic Toxicology, Institute of Legal Medicine, University Medical Center Mainz, Mainz, Germany

Background & Aims: Postmortem insulin analysis remains challenging due to rapid and unpredictable degradation
in hemolyzed blood samples and low presence in alternative matrices. In addition, immunochemical assays suffer
from high degrees of cross-reactivity and lack specificity, complicating the differentiation between endogenous
insulin and exogenous uptake of analogues. Therefore, a sensitive SPE-LC-MS/MS method for analyzing eleven
insulin variants, C-peptide and hemoglobin in vitreous humor and cerebrospinal fluid was developed. The included
insulins were human, lispro, aspart, glulisine, glargine, glargine metabolites IM (214-Gly-318-Arg-human insulin) and
M1 (212-Gly-human insulin), degludec, detemir, bovine and porcine. C-peptide is cleaved from proinsulin during
the biosynthesis of endogenous insulin and is not present in pharmaceutical insulin preparations. Depending on
the extraction method, hemoglobin can be used to monitor sample integrity and detect hemolysis. The aim was to
overcome characteristic problems associated with the LC-MS analysis of insulins regarding solubility, carryover,
nonspecific binding, ionization and fragmentation efficiency, so that the method would be sensitive enough to
detect insulin concentrations in the picogram per milliliter range that have been reported for vitreous humor and
cerebrospinal fluid regardless of insulin overdose.

Methods: For sample preparation and storage, protein low binding well plates and tubes were used. Glargine me-
tabolites IM and M1 were produced from glargine by enzymatic cleavage using carboxypeptidase B. Spiked porcine
vitreous humor served as the initial matrix for method development. Processing of the vitreous started with cen-
trifugation, followed by removal of the supernatant and protein precipitation with an equal amount of methanol/
acetonitrile (1:1), so that the insulin and the C-peptide were not co-precipitated. The mixture was then centrifuged
again, the supernatant was removed and mixed with diluted NH,OH. Next, a solid-phase micro-extraction protocol
was developed for the Biotage Extrahera pipetting robot using Oasis MAX pElution 96 well plates containing a mixed-
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mode anion exchange sorbent. The protocol started with two conditioning steps using methanol and water, followed
by two loading steps of the sample. The wells were washed with diluted NH,OH and aqueous methanol/acetic acid.
For elution, a mixture of water, methanol and acetic acid was used, followed by addition of water to the eluate. The
LC-MS system used subsequently consisted of an Agilent 1290 Infinity Il LC coupled with an Agilent 6495 triple quad-
rupole MS. The chromatography was carried out at 80 °C with a flow rate of 0.3 mL/min. MassHunter Qualitative and
Quantitative as well as Modde software were used for data analysis.

Results & Discussion: The SPE conditions were chosen to ensure insulin solubility and minimize non-specific bind-
ing. The use of a micro elution SPE eliminated the need for final evaporation and reconstitution of the eluate, which
avoided adsorptive losses of protein. Acetonitrile and a 10 mM ammonium formate buffer at pH 2.60 were chosen
as the mobile phase due to significantly lower ion suppression than TFA-based mobile phases. Various columns
were tested, including two superficially porous C18 columns with pore sizes of 120 Aand 160 A respectively, a fully
porous C18 column with 300 A and a C18-Ether column with 180 A. Chromatographic separation of the structurally
similar insulins, C-peptide and hemoglobin subunits was achieved with a Supelco BIOshell A160 Peptide C18 column
(2pum, 2.1 x 150 mm) in a run time of 10 min. This superficially porous particle packed column enabled short diffu-
sion paths for biomolecules and offered an increased pore size of 160 A, which, in contrast to 120 A, was sufficient
for the analysis of insulins and hemoglobin subunits. In order to achieve the best possible separation performance
and peak areas, the column was primed with the supernatant of precipitated rat plasma, which resulted in an
increase in the peak areas by a factor of 15to 45. Various column temperatures and flow rates were also examined
and it was found that elevated temperatures and low flow rates are beneficial for chromatographic efficiency. The
chromatographic separation of the insulins avoided problems with overlapping isotope patterns. For the selection
of precursorions, the ESl source was optimized using a design of experiment approach. The seven factors of the
central composite design were the drying gas temperature and flow, sheath gas temperature and flow, nebulizer
pressure, capillary voltage and nozzle voltage. When selecting the mass transitions, it was important to carefully
weigh the specificity of higher m/z fragments against the intensity of the lower m/z fragments in order to obtain
the highest sensitivity in the matrix. Human insulin and insulin lispro, which differ only by two interchanged amino
acids, could be distinguished both chromatographically and by unambiguous fragments. The detection limits for the
insulins and C-peptide were between 10 and 100 pg/mL.

Conclusion: This MS based method for insulin analysis in postmortem alternative tissues overcomes the drawbacks
of commonly used immunoassays while being sensitive enough to detect 'physiological' postmortem concentrations
in samples not associated with overdose.

Wastewater-based epidemiology for measuringillicit drug use: increased evidence for
early-warning type of information and correlation between different indicators for drug use

Teemu Gunnar, Aino Kankaanpaa
Finnish Institute for Health and Welfare, Helsinki, Finland

Background & Aims: Wastewater-based epidemiology (WBE) has become rapidly evolving discipline for monitoring
nearly real-time data on spatial and temporal trends at population-level illicit drug use. Despite numerous scien-
tific papers, quite limited evidence has still been presented how population-level WBE data correlates to forensic
and forensic toxicological indicators, and how wastewater can be constantly used as an early-warning tool for
following national or regional drug situation. Objective was to study 1) how nation-wide WBE findings compared to
number of drivers under influence of drugs (DUID), national drug seizure statistics and average drug purity infor-
mation during long period of time, and 2) how long-term and recent changes in drug situation may be detected in
wastewater and give early-warning type of information.

Methods: Wastewater analysis: Nation-wide sampling campaigns up to 28 wastewater treatment plants (WWTP)
covering approximately 60% of all Finnish population (3.2 million out of 5.5 million) during 2012-2024 were per-
formed. 24-h wastewater influent composite samples (n=232) were collected during 04/2013-03/2024 from Hel-
sinki WWTP serving approximately 860,000 inhabitants. All latter samples were representative samples from Sunday
to Monday morning and analysed by a validated UHPLC-MS/MS methodology. DUID: Prevalence of different drugs
was studied in all suspected DUID cases in Finland (from 2012 to 2023). All cases (whole blood) were analysed using
systematic protocol with validated and ISO 17025 accredited chromatographic mass spectrometric techniques.
Therefore, representative national information was obtained on different drugs for suspected drivers. Drug confis-
cations and purity information: Seizure data measured in kilograms and drug purity information of different drugs
in Finland from 2012 to 2023 were provided by the Finnish law enforcement authorities. The correlations between
drug loads of amphetamine, methamphetamine and cocaine in wastewater and the corresponding DUID cases,
drug seizures and purity information were calculated using Spearman's rank order correlation. All these substanc-
es are highly relevant in the context of Finnish drug scene and representative nation-wide data is available for all
mentioned indicators since 2012.
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Results & Discussion: Significant correlation between wastewater drug loads and DUID cases in a period of 2012~
2022 was obtained for cocaine, amphetamine and methamphetamine in Finland. Correlation was higher for all
studied drugs between wastewater and number of DUID cases, than for changes in drug purity or drug seizures,
even though there was positive correlation between other indicators, as well. Mean cocaine mass loads in Helsinki
wastewater were 18 mg/ 1000 persons/day in 2013, 47 in 2016, 116 in 2019, 218 in 2022 and 330 in 2023 showing
constant increase of cocaine use in the capital area of Finland. The number of cocaine-related DUID cases during
the same period increased from 81 (2013) to 963 (2023) in Finland. Law enforcement drug seizures of cocaine
increased under the same period from 4.5 kg (2013) to 106 kg (2023), and average purity from 43% (2013) to 756%
(2023). Even though cocaine use is still highly concentrated in the capital area of Finland, the use is also spreading
to other parts of the country according to WBE.

For new psychoactive substances (NPS), synthetic cathinones have been the most popular NPS among problematic
drugs users in Finland during the last decade. A few synthetic cathinones were routinely analysed in all cases (sam-
ples) in both WBE and DUID. A selection of relevant cathinones was based, e.g., qualitative monitoring of waste-
water and suspected drivers, findings from other drug testing and toxicology, seizure data, as well as information
obtained from user forums. For alpha-PVP and MDPV, systematically analysed quantitative datais already available
since 2013, while, e.g., alpha-PHP/PiHP were later added on routine monitoring. Alpha-PVP mass loads in Helsinki
wastewater were 4.4 mg/1000 persons/day in 2013, 1.3in 2016, only 0.7 in 2019, but bounced back 4.0 in 2022
and were at a record-high level of 12in 2023. The number of alpha-PVP positive DUID were 210 in 2013, decreased
to 95in 2019 and, similarly to wastewater, were at arecord high level of 641 cases in Finland in 2023. Similarly to
WBE and DUID findings, drug seizures for alpha-PVP were at a record-high level of 9 kg in Finland in 2023. Since
2018, an average purity of alpha-PVP has been over 90% each year. For MDPV, use (wastewater, DUID) or supply
(seizure data) has not been recorded since 2016. According to nation-wide wastewater monitoring campaigns, use
of synthetic cathinones had much more spatial and temporal variation than traditional illicit drugs, such as am-
phetamine or MDMA.

Conclusion: Multiple times during the last 12 years WBE has provided early-warning type of information on recent
trends in drug use. These phenomena have later been confirmed by other indicators. Recent WBE data shows
record-high alpha-PVP and cocaine use in the capital area of Finland. The number of DUID cases of amphetamine,
methamphetamine and cocaine showed significant correlation to population-level drug use measured by WBE.
Correlation was much higher than for other commonly used indicators, such as law enforcement drug seizure
statistics.

Scientific Session 11 - Postmortem toxicology
08:30 - 10:00 Friday, 6t September, 2024

Chair: Dimitri Gerostamoulos, Lana Brockbals

Ethanol production in the gut: An autopsy case

Maiko Kusano', Chikara Kohda?, Masaya Fujishiro', Taka-aki Matsuyama'
'Department of Legal Medicine, Showa University School of Medicine, Tokyo, Japan. ?2Department of Microbiology
and Immunology, Showa University School of Medicine, Tokyo, Japan

Background & Aims: An 82-year-old female was taken to her daily senior day care facility. Nurse at the day care
facility attempted to take hervitals but noticed she was not breathing and called for an ambulance. Upon arrival at
the hospital, she was found to be severely dehydrated and her blood tests came back extremely poor, and she was
pronounced dead soon after. Her body was subjected to autopsy for suspicious death, and upon autopsy it was ob-
vious she had not been taken good care of. Here we present a peculiar case where postmortem toxicology results
detected ethanol only in the stomach content, and our aim was to investigate the cause of ethanol production.

Methods: Alcohol analysis: Headspace (HS) alcohol analysis was performed on an HP6890 gas chromatograph system
with flame-ionization detection (GC-FID) (Hewlett-Packard, Palo Alto,CA, USA). The analytical column used was an
SH-Wax fused-silica capillary column (30 m x 0.32-mm i.d., 0.25-pym film thickness) (Shimadzu, Kyoto, Japan). Heli-
um was used as the carrier gas. One-hundred microliters of specimen sample (right heart blood or stomach content)
was mixed with 5 mg/mL sodium dithionite, 0.05% 1-butanol (internal standard), and distilled water. After heating at
80°C for 10 minutes, 0.5 mL headspace was injected for HS-GC-FID analysis.

Microbiology: Specimen samples were inoculated into Pearlcore Potato Dextrose Agar (Eiken Chemical Co., Ltd.,
Tokyo, Japan), Candida Il Agar medium (Becton, Dickson and Company, Franklin Lakes, NJ, USA), and Pearlcore
Trypto-Soy Agar (Eiken Chemical Co., Ltd.) and cultured on an aerobic condition at room temperature for five days.
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For enrichment culture of fungi, samples were inoculated into Sabouraud-Dextrose Broth with Lecithin & Polysor-
bate 80 "DAIGO" (SHIOTANI M.S. CO., LTD, Hyogo, Japan) and cultured on an aerobic condition at room tempera-
ture for five days. For enrichment culture of bacteria, samples were inoculated into Pearlcore Tryptone Soya Broth
(Eiken Chemical Co., Ltd.) and cultured on an aerobic condition at 37°C for two days. After cultivation, samples
were centrifuged at 8000 g for five minutes and the supernatant (headspace) was subjected to alcohol analysis. Iso-
lation of bacteria and fungus from the specimen samples, as well as pure culture isolation were obtained using the
streak-plate method.

Results & Discussion: External and internal examinations revealed no apparent trauma to the brain or any internal
organs. Systematic toxicological analysis by gas chromatography-tandem mass spectrometry (GC-MS/MS) on post-
mortem blood was negative for drugs of abuse. Histopathology revealed no gross findings indicative of bacterial or
fungal infection, or associated with any other events that could have attributed to the cause of death. During autop-
sy a semi-sweet, alcohol-like odor was noticed from the stomach content despite absence of any record of alcohol
consumption by the decedent, so stomach content was also subjected to alcohol analysis in addition to blood (no
urine was available).

Alcohol analysis: HS-GC-FID analysis detected ethanol below limit of quantitation (LOQ) for blood, but the ethanol
concentration in the stomach content was 230 mg/dL. Headspace samples of the same specimens were re-run on
GC-MS to confirm that the detected peak was in fact ethanol. Since the decedent had been bedridden and been
taken care of by her son as well as taken daily to senior daycare, alcohol consumption was unlikely. The noticeable
semi-sweet odor from the abdominal area at the time of autopsy led to suspicion of bacterial or fungal infection.
Therefore, specimen samples were further subjected to microbiological analyses.

Microbiology: Upon HS-GC-FID analysis of the supernatants collected from the enriched cultures, ethanol was
detected only from the fungal culture and not from the bacterial culture. Isolation of the fungus was therefore
attempted to determine its identity. Direct isolation culture from the specimens collected from autopsy resulted
in successful isolation from the stomach content; fungus isolated from the stomach content was thus speculated
to be the predominant fungus. Since ethanol was also detected from the culture supernatant of this fungus isolate,
the pure culture medium was sent for yeast DNA analysis for species identification. Species identification using
16S rDNA sequencing was custom ordered to TehnoSuruga Laboratory Co., Ltd. (Shizuoka, Japan) revealed that the
yeast species responsible for the ethanol production in question was Candida glabrata.

Conclusion: We encountered a peculiar autopsy case in which ethanol was detected at a high concentration only

in the stomach content. Microbiology confirmed that this ethanol production in the stomach was caused by yeast
species Candida glabrata, which is a first report in human postmortem specimen. The cause of death, however, was
circulatory failure resulting from severe dehydration due to continued inflammation such as bedsore infections.

Drug-related deaths at Australian music festivals

Jennifer L. Schumann'?, Riyad Santamarina', John Fitzgerald3, David Caldicott*®

'"Monash University, Clayton, Australia. ?Victorian Institute of Forensic Medicine, Southbank, Australia. *University of
Melbourne, Melbourne, Australia. “Calvary Public Hospital Bruce, Canberra, Australia. Australian National Univer-
sity, Canberra, Australia

Background & Aims: lllicit drug use is overrepresented in music festival attendees compared with the general pop-
ulation. Drug use often involves a wide range of substances with the potential to cause drug toxicity. Law enforce-
ment-centred strategies intended to deter drug use and supply at these mass gatherings have been implemented
throughout Australia. However, many have been criticised for their lack of effectiveness, with evidence suggesting
that they can inadvertently increase the risk of drug harm. Drug deaths are often multifactorial, providing added
challenges in the development of prevention strategies. This study aimed to determine the frequency of deaths in-
volving alcohol and other drugs at music festivals in Australia and to identify potential risk factors that may inform
future harm reduction strategies.

Methods: A descriptive case series study was conducted to investigate drug-related deaths at concerts and fes-
tivals throughout Australia using the National Coronial Information System (NCIS), a national repository of cases
reported to the Australian coroner. Cases were identified by structured query language keyword searches which
included the names of over one hundred recent music festivals. Only cases that were no longer under investiga-
tion by the coroner and where the death occurred between 1 July 2000 to 31 December 2019 (Queensland from

1 January 2001) were included. Cases were excluded where alcohol or illicit drugs were not detected; the death
occurred >24 hours post-festival attendance; or where the event was a religious or cultural festival. Data collected
in each case included the circumstances of death, autopsy findings, toxicology results, medical and drug use histo-
ry (where available), the festival location and duration, whether clinical intervention was received, and the medical
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cause of death. Unadjusted estimates of association were computed for the characteristics and circumstances of
each death. Logistic regressions were used to obtain adjusted odds rations are results were considered statistical-
ly significant if p < 0.05. All statistics were computed using GraphPad Prism 9. Ethics approval was granted by the
Victorian Institute of Forensic Medicine (VIFM) Human Research Ethics Committee (ECO9/2019) and the Depart-
ment of Justice Human Research Ethics Committee (JHREC; M0247, CF18/1281).

Results & Discussion: There were 64 deaths, of which most involved males (73.4%) aged in their mid-20s (range
15-50 years). The most common cause of death was MDMA toxicity, with hyperthermia (n=8) and excess fluid intake
(n=6) both reported as contributing factors to death in these cases. Most deaths were unintentional, with less than
a fifth of cases (17.2%) involving intentional self-harm. The most commonly detected drug was MDMA (65.6%),
followed by alcohol (46.9%) and cannabis (17.2%). This reflects the reported rates of drug use for Australian festival
attendees from survey data, except for alcohol which was detected in a lower proportion of cases than was expect-
ed. The MDMA concentration among these deaths ranged up to 3.6mg/L, exceeding the range usually associated
with toxicity (median 0.5mg/L, range 0.01-3.6mg/L). Most cases involved the use of two or more drugs (including
alcohol). Clinical intervention was involved in 64.1% of cases and most festivals occurred in inner city locations
(59.4%). The higher proportion of deaths occurring at multiday events (56.2%) suggested that additional harm
reduction strategies may be required at festivals with onsite camping.

Conclusion: This study was the first to summarise drug-related deaths occurring following attendance at Austra-
lian music festivals, using coronial records. The findings suggest that these deaths typically involve young people
using multiple illicit substances in combination with alcohol. Most are unintentional and could potentially be pre-
vented through the implementation of a range of harm reduction strategies, including mobile medical care, drug
checking services, and increased consumer education and awareness.

Death of an infant due to the administration of diphenhydramine and zopiclone

Silvana Petzel-Witt', Stefan W. Toennes', Constanze Niess?
'Institute of Legal Medicine, Forensic Toxicology, Frankfurt/Main, Germany. ?Institute of Legal Medicine, Frankfurt/
Main, Germany

Background & Aims: A 22-month-old child was found lifeless in the nursery at morning by the mother underneath
a fallen chest of drawers. According to the mother, the child had been lying in one of the drawers. It was initially
assumed that the child had climbed onto the chest of drawers and died due to injuries from the fall. During the
forensic post-mortem examination, there were no indications that the child had been alive at the time of the ac-
cident since the abrasions and marks visually appeared most likely postmortem. As no macroscopic cause of death
could be determined during autopsy, further toxicological examinations were commissioned. The previous history
and the interrogations of the parents did not initially reveal any relevant intake of medication or possible drug
intake.

Methods: Untargeted analyses were performed in stomach content, heart blood and gallbladder fluid (GC-MS; LC-
MS/MS; LC-QToF). As too little femoral vein blood and urine was available, alcohol was determined in muscle tissue
as usual using HS-GC-FID, other volatile substances were screened in heart blood, lung and brain tissue using HS-
GC-MS. The 24 cm hair strand of the child was analyzed for drugs and medication in segments of 2 cm (LC-MS/MS).
Quantifications were performed using LC-MS/MS.

Results & Discussion: Diphenhydramine and zopiclone were detected in stomach content and heart blood. In the
gallbladder fluid, only diphenhydramine was found. Quantification in femoral venous blood revealed high concen-
trations of 0.58 mg/I for diphenhydramine and 0.20 mg/| for zopiclone. Hair was positive for diphenhydramine,
zopiclone and tramadol with varying concentrations in the nine segments of 2.5 -5.4,0.47 - 2.4 and 0.65 - 3.5 ng/
mg, respectively, methorphan and acetaminophen were also detected. Concentrations of diphenhydramine and
zopiclone were higher in proximal segments while concentrations of tramadol were lower. Mother's hair was pos-
itive for tramadol and zopiclone (>100 ng/mg and 2 ng/mg in the 2 cm proximal segment) and other drugs, father's
hair for tramadol (0.25 ng/mgin 5 cm chest hair) and the hair of the 7-year old sister for diphenhydramine and zo-
piclone (2.8 and 0.7 ng/mg, respectively as highest concentration in a segment). From the results a history of drug
administration to the deceased as well as its sister by the substance misusing mother was considered. As cause of
death an acute overdose of diphenhydramine and zopiclone was assumed.

Diphenhydramine is an over-the-counter sedative antihistamine which is in children used to treat nausea. Seda-
tion is the major side effect which is the cause of its potential abuse. Recent studies suggest that sedative antihis-
tamines are not not as harmless as is generally assumed. Seizures or arrhythmia can occur, especially in children or
at higher doses. Zopiclone is used as hypnotic in adults and may have contributed to the toxic effects of diphen-
hydramine.
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The inconsistencies in the mother's statements, the autopsy findings and the toxicologically results subsequent-
ly led to a homicide charge against the mother. Faced with the toxicological results she admitted that she had
regularly administered her zopiclone medication and later also diphenhydramine to her child, already shortly

after birth, because she could not cope with her living situation and child care. Due to habituation effects in her
child, she repeatedly increased the dosage of diphenhydramine and zopiclone over time. She also admitted giving
diphenhydramine to her second, elder child and she confessed that she herself had been highly addictive to tra-
madol for years. The court was convinced that the administration of drugs caused the infant's death. However, this
was assumed to be accidental and therefore the mother was not charged with homicide, but bodily harm with fatal
consequence.

Conclusion: The present case illustrates that toxicological investigations are necessary to elucidate the fatal
course of drug abuse in a family by an overstressed mother and it also shows the danger posed by medication con-
sidered harmless.

Further evaluation of bladder wash as an alternative specimen for postmortem toxicology:
comparison to screening results of urine and kidney tissue

Andrea E. Steuer, Sandra N. Poetzsch, Stephan A. Bolliger, Thomas Krémer
Department of Forensic Pharmacology and Toxicology, Zurich Institute of Forensic Medicine, University of Zurich,
Zurich, Switzerland

Background & Aims: Urine specimens represent the sample of choice for screening analyses in forensic toxicology
given its high concentrations and presence of drug metabolites. However, urine collection in postmortem cases is
not always possible. In these circumstances, alternative specimens need to be considered for screening purposes.
The Zurich Institute of Forensic Medicine (ZIFM) has used kidney tissue for this purpose, in addition to a multi-target
blood analysis. However, the handling of tissue in the laboratory is more complex than the analysis of biofluids. At
the 2022 TIAFT meeting, colleagues from San Francisco presented bladder wash as an interesting alternative, i.e.,
the collection of a saline solution used to wash the bladder wall, collecting residual urine and/or dried contents of
the bladder wall. Still, knowledge about routine applicability - particularly in general unknown screening approaches
- is poor for that specimen. We, therefore, aimed to systematically compare results of immunoassay analysis and an
untargeted LC-MS/MS screening approach between urine, kidney tissue, and bladder wash as a new alternative in a
paired manner.

Methods: The study included 60 consecutive postmortem cases. If available, urine, bladder wash, and kidney tissue
were collected from each case. Urine was collected in polypropylene tubes as usual. Bladder wash was obtained after
complete emptying of the bladder, followed by flushing 10 mL of a 0.9% NaCl solution along the bladder wall. A piece
of kidney tissue (ca. 50 g) was preserved in a plastic tub. The final study collective consisted of n=34 complete cases
of paired urine, bladder wash, and kidney tissue (subset 1), n=13 cases of paired urine and bladder wash (subset 2),
and n=13 cases of paired bladder wash and kidney specimens (subset 3), respectively. Kidney tissue (ca. 5 g, grinded)
was placed into a tube of dialysis membrane and left for 24 h for dialysis against water (40-80 ml; replaced twice after
3 h prior to overnight dialysis). Dialysate solution was evaporated and reconstituted to a final concentration of 1 g
tissue/mL. All samples were analyzed by immunoassay (CEDIA; Indiko Plus, Thermo Fisher) targeting amphetamines,
benzodiazepines, cannabis, cocaine, methadone, and opiates. In addition, specimens were diluted and filtered (200
pl specimen + 200 pl mobile phase, aqueous/organic 95:5, v/v; filter vials Mini-UniPrep™ PTFE Filter (0.45 pm)) prior
to untargeted LC-MS/MS screening covering about 1500 drugs and their metabolites (Bruker Toxtyper; reversed phase
chromatography, ion trap mass spectrometer; ESl+; data-dependent acquisition; automated library search Maurer/
Wissenbach/Weber database). The sensitivity of drug detection was calculated based on the percentage of drugs de-
tected in bladder wash compared to drugs detected in urine and kidney tissue within each subset, respectively.

Results & Discussion: Seven of the 60 initially included cases were negative for any drug (3 from subset 1, 3 from
subset 2, and 1 from subset 3). Imnmunoassay analysis of subset 1 revealed the following percentages of positive
bladder wash samples in comparison to urine and kidney tissue, respectively: amphetamines 40%, 100% (excluding
two cases with amphetamine immunoassay positive in kidney tissue due to putrefaction) (n=5); benzodiazepines
69%, 90% (n=13); cannabis 44%, 0% (n=9); cocaine 100%, 100% (n=7), methadone 67%, 100% (n=5); opiates 67%,
75% (n=9). Using the untargeted LC-MS/MS screening approach, a total of 79% (compared to urine) and 103%
(compared to kidney tissue) of all drugs tested positive in bladder washes in subset 1. Drugs less often detected in
bladder wash compared to urine and kidney tissue were, e.g., codeine, diazepam, flurazepam, midazolam, and olan-
zapine. Conversely, sensitivity in bladder wash was higher compared to kidney tissue, e.g., for methylphenidate and
mirtazapine. Overall, the number of metabolite spectra detectable per case was generally lower in bladder wash, but
also in kidney tissue, compared to urine. For instance, only half the number of metabolite spectra were present in
bladder wash (1-10) and kidney tissue (1-4) compared to urine (3-14). While neither bladder wash nor kidney tissue
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obtained the same drug detection rate as urine, bladder wash generally gave comparable results to kidney tissue.
Findings from subsets 2 and 3 were consistent with the results from subset 1 and did not provide any indication that
recent bladder emptying during autopsy affected the results compared to voided or dehydrated bladder prior to
autopsy.

Conclusion: Urine remains the gold standard for screening analysis. Sensitivity for drug detection in bladder wash
using common toxicology screening approaches (immunoassay, untargeted MS/MS) is lower compared to urine
specimens. The same is true for kidney tissue. Still, comparable results can be obtained with bladder wash as with
kidney tissue. Given the easier handling of bladder wash in the laboratory (basically identical to urine specimens), its
use proved to be superior to kidney tissue and represents a promising new strategy for cases without urine samples.
Further evaluation of more sophisticated sample preparation (re-concentration) of bladder washes is necessary and
might further increase sensitivity for this specimen.

Forensic Entomotoxicology: Assessing the potential of necrophagous larvae for post-
mortem toxicological analysis, using diazepam in a minipig model

Olwen Charlotte Groth', Anaélle Pi'2, Andres Eskjeer Jensen®, Susan Rahaus'#, Gabriele Roider’, Matthias Graw'
'Institute of Forensic Medicine, Ludwig-Maximilians-Universitdt, Munich, Germany. 2University Céte d'Azur, Nice,
France. °Ellegaard Géttingen Minipigs A/S, Dalmose, Denmark. “Centre for Aviation and Space Medicine of the Ger-
man Air Force, Cologne, Germany

Background & Aims: Entomotoxicology draws upon the fields of forensic toxicology and entomology. One of its
primary focuses is the use of insect specimens as an alternative matrix for post-mortem toxicological analysis of
decomposed bodies to obtain information on the past drug use of the deceased. However, the successful iden-
tification of drugs in necrophagous insects may depend on pharmacokinetic processes in the larvae that feed on
the body. To test this hypothesis, the authors established the first minipig model for entomotoxicological analyses
to detect the benzodiazepine diazepam in blowfly larvae. Minipigs are a special strain of miniature domestic pigs
commonly used in biomedical research due to their anatomical, physiological, and pharmacokinetic similarities to
humans. Gottingen Minipigs are the most frequently used breed.

Methods: The experiments were conducted during July and August 2023. Two Géttingen Minipigs, each weighing
approximately 60 kg, were orally administered 25 mg/kg of diazepam. The minipigs were euthanised with pentobarbital
after one hour, which is the estimated time of maximum plasma levels of diazepam in Gottingen Minipigs according

to literature sources. The first blood and liver samples were collected immediately after euthanasia on day O. Minipig
carcasses were immediately transported to an outdoor experimental site and placed in cages to facilitate post-mor-
tem decomposition and insect colonisation. Insect traps were positioned around each cage to collect wandering
larvae. Where available, porcine samples and blowfly larvae were collected on 13 occasions over 69 days, starting on
day one. Cardiac and peripheral blood were obtained by blind puncture of the heart and jugular vein. Liver samples
were obtained through a small abdominal incision, which was closed again after each sampling. Larvae were collected
from the highest colonised areas of the minipigs, killed by immersion in hot water and stored with all other samples at
-20°C until analysis. Liver samples of 1 g each were homogenised with isotonic sodium chloride (NaCl) solution, using
an Ultra-Turrax®. Approximately 100 mg of larvae per sample were homogenised with metal beads in isotonic NaCl
solution, using a Precellys® 24 tissue homogeniser. Liver homogenate and blood were subjected to protein precipita-
tion with acetonitrile. Larval homogenate was extracted using Oasis® PRIME HLB cartridges under positive pressure.
Extracts were reconstituted in eluent and analysed by liquid chromatography-tandem mass spectrometry (LC-MS/MS)
on an Agilent 6490 triple quadrupole LC/MS system. Quantification was performed using the ratio of the peak areas for
diazepam and its metabolites to the peak areas of the corresponding deuterated standards. The limits of detection for
diazepam, nordazepam, oxazepam, and temazepamare 13,5, 11, and 6 pg/L, respectively.

Results & Discussion: Peripheral blood was available until day five, cardiac blood until day 13, and liver until day 27.
Larvae, on the other hand, were available until the termination of the experiment on day 69. Diazepam and its me-
tabolites were successfully identified in all larval samples, even several weeks after porcine samples were no longer
available for toxicological analysis. There was no correlation between substance concentrations in larvae and those
in porcine samples. This was anticipated, as several factors, including the developmental stage of larvae and the area
from which they fed during sampling, determine the amount of substance they consume and store. Interestingly, the
ratio of nordazepam and oxazepam to diazepam in larvae was significantly higher than in porcine samples, suggest-
ing that necrophagous larvae metabolise diazepam, and possibly other drugs of forensic importance as well. This
finding is relevant in forensic casework because the high concentrations of nordazepam and oxazepam in larvae may
suggest that the deceased consumed these substances in addition to, or instead of, diazepam. This caution may also
apply to other pharmacologically active metabolites available on the drug market, e.g. O-desmethyltramadol.
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The concentration of diazepam was unusually high in liver samples compared to those in blood and larvae.
Post-mortem redistribution of diazepam from the stomach contents into the liver tissue may have contributed to
this finding, considering that the minipigs were euthanised shortly after receiving a high oral dose of diazepam.
Oxazepam was only detected in the liver samples taken on day 27, whereas significant concentrations of oxazepam
were found in all blood samples. This is likely due to the high rate of glucuronidation in minipigs and the absence of
a hydrolysis step during sample preparation.

Conclusion: This work presents the first minipig model for assessing the suitability of necrophagous larvae as an
alternative matrix for post-mortem toxicological analysis. Diazepam was successfully identified in all larval spec-
imens even several weeks after the last available porcine samples were taken for toxicological analysis. However,
as per previous research, our results indicate that blowfly larvae can further metabolise drugs present in their
food source. When applying entomotoxicological methods in real forensic cases, it is important to consider the
pharmacokinetics of drugs in the larvae used for toxicological analysis. This would help avoid misinterpretation of
substances consumed by the deceased.

Drug identification through analysis of maggots recovered from skeletonized dead body -
A case study

Rida Akbar, Muhammad Imran, Muhammad Taimoor Chaudhary, Saima Afzal, Muhammad Irfan Ashiq, Muhammad Amjad
Toxicology Department, Punjab Forensic Science Agency, Lahore, Pakistan

Background & Aims: Entomological specimens are beneficial in determining drug exposure when traditional spec-
imens are not available for analysis. Although, hair, oral fluid, sweat and meconium are commonly used alternative
specimens, exhumed or putrefied corpses pose unique analytical challenge when alternative samples are not
available for analysis. Entomological specimens have been traditionally used for estimating postmortem interval

in medico-legal cases. However, these specimens, especially maggots from the dead body, have not gained much
popularity in forensic fraternity regarding their use as toxicological specimens.

The aim of the present study is to highlight the importance of analyzing maggots as excellent specimen for identifi-
cation of drugs in scenarios where other conventional toxicological specimens are not available. In this case study
maggots were submitted from a putrefied corpse to confirm the drug exposure, hence opening the horizons for
use as reliable specimen in forensic toxicology.

A decomposed body of an unknown middle-aged male was found in the countryside. The dead body was skeleton-
ized and heavily infested with maggots, which were submitted to the author's laboratory for confirmation of drug
exposure. Paraphernalia and cigarettes present at the crime scene indicated possible drug abuse.

Methods: Ahomogenized maggot sample underwent screening for the presence of drugs of abuse through immu-
noassay. Qualitative identification of drugs and poisons was performed using gas chromatography mass spectrom-
etry (GC/MS) in scan mode. A modified QUEChERS method was used to prepare the sample for GC/MS screening
utilizing acetonitrile as the extraction solvent. A sorbent containing a mixture of C,, and specialized polymers,
known as enhanced matrix removal lipid, was utilized to eliminate matrix interferences. Confirmation and quanti-
fication of opiates and benzodiazepines were carried out using GC/MS in SIM mode. Benzodiazepines underwent
derivatization with MTBSTFA post liquid-liquid extraction, while opiates underwent solid-phase extraction fol-
lowed by derivatization with BSTFA for confirmation.

Results & Discussion: Maggots sample showed presence of diazepam, nordiazepam, oxazepam, codeine, and mor-
phine. According to the results, the morphine-to-codeine ratio (M/C) was greater than 15 in maggots. The Stam and
Gerostamoulos model, for attribution of death to heroin, was applied to this case study to determine the possible
cause of death. As per the model, current results suggest a score of 8 for toxicological evidence based on M/C, while
the presence of paraphernalia and cigarettes at the crime scene scored 2 as indicative of investigative evidence. The
combined score for toxicological and investigative evidence was 10, which, as per the model, is strongly suggestive
of heroin-related death. Moreover, the detection of diazepam and metabolites (nordiazepam and oxazepam) in
maggots is also indicative of heroin consumption, as diazepam is used as a cutting agent in street heroin.

Conclusion: Maggots collected from decomposing corpses may be considered potential evidence in forensic toxicolo-
gy as they may provide useful information to conclude drug exposure. This case study supports the stability and detec-
tion of not only opiates (morphine and codeine) but also benzodiazepines (diazepam and its metabolites) in maggots,
establishing ante-mortem drug exposure in putrefied corpses. Considering the significance of maggots, there is suffi-
cient room for research to collect data on drug recovery in maggots. Furthermore, this study underscores the crucial
role of toxicological analysis, especially when histopathological examination is impractical for skeletonized remains.
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Post mortem distribution of isotonitazene and its three metabolites in the first lethal case
observed in France

Jean-Joseph Bendjilali-Sabiani', Juliette Descoeur’, Maisy LOSSOIS?, Céline EIDEN?, Héléne PEYRIERES,

Olivier MATHIEU'4

'Department of Medical Pharmacology and Toxicology, Montpellier, France. 2Department of Forensic Medicine,
Montpellier, France. Addictovigilance Center, Montpellier, France. *Hydrosciences, UMR 5151, University of Mont-
pellier, Montpellier, France

Background & Aims: Isotonitazene (IZN) is a new synthetic opioid that was first reported in Europe in 2019. Itisa
highly potent synthetic opioid belonging to a class of benzimidazole analogues responsible for numerous opioid
toxidrome deaths, notably in the United States. We reported the analytical exploration of the first case of IZN-relat-
ed death in France in March 2023 concerning a 39-year-old man with a history of heroin regular use presenting with
congestion and pulmonary oedema. We performed the determination of IZN and metabolites using liquid chroma-
tography coupled to mass spectrometry in tandem (LC-MS/MS) to document post-mortem distribution and tropism
of the drug to identify the most exposed organs after consumption.

Methods: In total, TmL of various biological samples (after grind for organs) was aliquoted and 5pl of Internal stan-
dard (Fentanyl-D5) was added to each sample. Then, alkalinization was done by addition of TmL of Borax buffer

(10 mM, pH 10.4) followed by 3 mL of extraction solvent (70:30 N-butyl chloride, ethyl acetate). After being rotated
and centrifuged for 10 min at 4,600 rpm the organic layer was transferred and dried under nitrogen at 35°C. The
samples were reconstituted in 200 pL of initial chromatographic conditions and transferred into vials, analysis were
realized in duplicates. The lowest limit of quantitation and detection were 0.5 and 0.1 ng/mL, respectively. Besides, full
toxicological screening was performed following standard protocol. The studied autopsy samples included peripheral and
cardiac blood (PB and CB), urine, vitreous humor (VH), gastric content (GC), bile, spleen, liver, brain, lung, heart, kidney,
muscle, subcutaneous fat (SF), and presumed injection site (IS) as a syringe with a needle was found in a garbage.

Results & Discussion: Except therapeutic concentrations of cetirizine (28.7 ng/mL), IZN was the only toxic identified in
the following matrices (ng/mL or mg/g): PB (1.17), CB (1.76), brain (21.5), lung (88), heart (20), SF (8.25), gastric con-
tents (4.38) and presumed injection site (343). IZN was detected in urine, kidney, spleen, muscle and bile (>0.1) but not
in VH. The peripheral blood concentration found was comparable with those found in the literature, confirming the
very high potency and lethality of IZN in the absence of other identified toxics and causes of death. Indeed, the average
concentration of IZN calculated from short series of lethal cases in Mueller F. et al. and Krotulski A.J. et al., was 2+2.15
ng/mL. Post-mortem redistribution appears intense, with a ratio of peripheral to cardiac blood concentrations of 1.5,
converging with the redistribution data of the studies cited. It confirms the high distribution of IZN in the brain, lungs
and heart, with respective ratios relative to PB of 18/5, 75/11 and 17/3.5 (/ bibliographic data). While these ratios
exceed the averages of the literature, there is considerable variability in these ratios between published cases. That
argues for high lipophily of IZN, in line with good diffusion towards brain and SF, poor diffusion in urine and kidney

and no diffusion in VH. Finally, with regard to the mode of IZN consumption, the forensic physician's findings and the
analysis of the injection site with a high concentration of IZN suggest intravenous administration. About the metabo-
lites, 4-OH-Nitazene was found only in bile (6.3) and detected in urine (0.2). N-desethyl-IZN was found in CB (0.1), lung
(4.1), heart (0.4) GC (0.76) and urine (0.54). The last metabolite studied was 5-Amino-IZN till detected (> 0.5) in spleen,
brain, lungs, GC and urine (no quantitative data stated because its very bad stability). Conversely and in accordance to
available published data, IZN and metabolites were never detected in liver. This can be explained either by intense me-
tabolism to other secondary compounds (such as the N,O-didesalkyl metabolite), or by primary pulmonary metabolism
to N-desethyl-IZN. We may assess that metabolism of IZN follows three pathways (N-dealkylation, O-dealkylation and
nitroreduction) with major biliary excretion as 4-OH-Nitazene.

Conclusion: To our knowledge, this is the first confirmed case of death in France involving the consumption of IZN,
including post-mortem redistribution of IZN in blood, urine and major organs. Very low blood concentrations mea-
sured and strong distribution in vital organs confirmed the high dangerousness of this opioid. Its metabolic pathway
appears multiple, possibly mainly extrahepatic, and needs further elucidation.

Conflict of interest with the financial support of SFTA.
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Scientific Session 12 - Novel psychoactive substances Il
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Chair: Svante Vikingsson, Volker Auwarter

In vitro structure-activity relationships and forensic case series of emerging 2-benzylben-
zimidazole opioids

Liam M. De Vrieze', Sara E. Walton?, Eline Pottie’, Donna M. Papsun?, Barry K. Logan??®, Alex J. Krotulski?, Christophe
P. Stove!, Marthe M. Vandeputte'

'Laboratory of Toxicology, Department of Bioanalysis, Faculty of Pharmaceutical Sciences, Ghent University, Ghent,
Belgium. ?Center for Forensic Science Research and Education, Fredric Rieders Family Foundation, Willow Grove,
USA.*NMS Labs, Horsham, USA

Background & Aims: In response to class-wide bans on fentanyl analogues, 2-benzylbenzimidazole 'nitazene’ opioids
have recently emerged on recreational drug markets worldwide. With potencies exceeding that of morphine and even
fentanyl, nitazene use is particularly dangerous. Although numerous nitazenes have been extensively examined, only
few reports have conducted a systematic comparison of the effect of different structural modifications to the 2-ben-
zylbenzimidazole core structure on p-opioid receptor (MOR) activity. Furthermore, the constant emergence of new
analogues, combined with increased detection and intoxication rates, signals a potentially looming nitazene crisis that
requires close monitoring. Here, we performed an in vitro assessment of the MOR activation potential of 9 previously
uncharacterized nitazenes, along with their close analogues. Specifically, we focused on MOR activation by 'ring' nita-
zenes (i.e., N-pyrrolidino and N-piperidinyl analogues), N-desethyl nitazenes and 'des'-nitazenes (lacking the 5-nitro
group). In addition, we bridged the pharmacology data with case data and report on the identification and toxicolog-
ical analysis of etodesnitazene, N-desethyl etonitazene, N-desethyl isotonitazene, N-pyrrolidino metonitazene, and
N-pyrrolidino protonitazene in 85 forensic cases from North America and the United Kingdom.

Methods: Two complementary in vitro MOR activation assays were employed to evaluate the MOR activation potential
of a set of 25 differentially substituted 2-benzylbenzimidazole opioids (i.e., a NanoBit®-based B-arrestin 2 recruitment
assay and a GloSensor® cyclic adenosine monophosphate (cAMP) assay). Forensic toxicology drug screening (LC-(Q)
TOF-MS-based), followed by quantitation of etodesnitazene, N-desethyl isotonitazene, N-pyrrolidino metonitazene,
and N-pyrrolidino protonitazene (LC-MS/MS-based, employing a standard addition approach) in authentic casework
samples was conducted by the Center for Forensic Science Research and Education (CFSRE, Philadelphia, USA).

Results & Discussion: The obtained potency and efficacy values allow to further build on previously established
structure-activity relationships for nitazenes. Our results show that 'ring' modifications overall yield highly active
compounds, with N-pyrrolidino substitutions generally being more favorable for MOR activation than N-piperi-
dine substitutions. Furthermore, the importance of the nitro group at the 5-position of the benzimidazole ring was
demonstrated, as its removal consistently led to a 10- to 100-fold reduction in potency. The N-desethyl modifica-
tion is overall well-tolerated in terms of MOR activation potential, and generally lowers the potency ~6-to 14-fold.
Intriguingly, N-desethyl isotonitazene showed an opposite trend, and was somewhat more potent than isotonita-
zene. Consistent with previous findings for other nitazenes and in line with what could be anticipated from the in vi-
tro pharmacological characterization, blood concentrations obtained for etodesnitazene, N-desethyl isotonitazene,
N-pyrrolidino metonitazene, and N-pyrrolidino protonitazene in the evaluated forensic case series (n = 85) were
generally in the low ng/mL range. Interestingly, N-pyrrolidino metonitazene was most often found in combination
with N-pyrrolidino protonitazene.

Conclusion: The comparative pharmacological evaluation of a diverse panel of nitazenes carried out in this study,
combined with the identification and quantification of several of these newer nitazenes in a large forensic case
series, may contribute to raising awareness, as well as strengthen preparedness and harm reduction efforts.

New wine in old skins: MDMB-BINACA and its detection, metabolism and pharmacology

Martin N. Scheu'?, Annette Zschiesche'?, Benedikt Pulver’, Volker Auwarter’

'Institute of Forensic Medicine, University Medical Centre, University of Freiburg, Freiburg im Breisgau, Germany.
2Hermann Staudinger Graduate School, Faculty of Chemistry and Pharmacy, University of Freiburg, Freiburg im
Breisgau, Germany

Background & Aims: Among New Psychoactive Substances (NPS), Synthetic Cannabinoid Receptor Agonists (SCRA)
stand out as most extensive and structurally diverse group. The driving force behind this variety is the constant
addition of new, previously unseen structural moieties to SCRA, and the process of combining established struc-
tures to form new SCRA. Notable examples include interchanges between indole and indazole cores, substitutions
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in side chains, and alterations in linked groups such as amino acid amides, methyl esters, or ethyl esters. Arecent
example of this is MDMB-BINACA, the methyl ester derivative of ADMB-BINACA (also: ADB-BINACA). Here we report
biomarkers for monitoring of MDMB-BINACA consumption in urine, its metabolism, and its affinity and potency at
the hCB, receptor.

Methods: Urine samples underwent glucuronidase cleavage and liquid-liquid extraction with acetonitrile. For com-
parison and confirmation, metabolites were created in vitro by incubating MDMB-BINACA with pooled human liver
microsomes (pHLM) in triplicates. Analysis of urine samples and pHLM extracts was performed using LC-qTOF-MS.
The affinity of MDMB-BINACA at hCB, was assessed with a competitive *H-labelled radioligand binding assay, poten-
cy and efficacy were assessed with a competitive *S-GTP-yS radioligand binding assay.

Results & Discussion: In total, 33 different metabolites resulting from 8 metabolic reactions including mono- and
dihydroxylation, dihydrodiol formation, dehydration, ester hydrolysis and combinations thereof were identified in
urine samples and pHLMs. Notably, mono-hydroxylation and dihydrodiol metabolites emerged as the most abun-
dant, suitable as specific biomarkers of MDMB-BINACA consumption in urine. Furthermore, MDMB-BINACA exhibit-
ed an affinity of 3.3 nM, a potency of 29.2 nM and an efficacy of 122.9% at the hCB, receptor. Between the beginning
of 2023 and March of 2024, MDMB-BINACA was detected in 3.2% of analyzed urine samples and 17.7% of urine
samples tested positive for SCRAs.

Conclusion: The emergence of MDMB-BINACA contributes to the already diverse landscape of prevalent SCRA. The
identification of specific urine biomarkers allows for the identification of MDMB-BINACA consumption and the
differentiation between the consumption of ADMB-BINACA and MDMB-BINACA. The pharmacological properties of
MDMB-BINACA indicate that it acts as a full and potent agonist at the hCB, receptor. However, its potential estab-
lishment on the drug market warrants further observation.

In vitro neurotransmitter inhibition of recently detected synthetic cathinones
2-methyl-alpha-PiHP, N-butyl-butylone, and N-cyclohexyl-butylone

Manuela C. Monti', Maria Wikstrém?, Mattias Persson?, Henrik Gréen'?

'Division of Clinical Chemistry and Pharmacology, Department of Biomedical and Clinical Sciences, Linképing Uni-
versity, Linkdping, Sweden. ?2Department of Forensic Genetics and Forensic Toxicology, National Board of Forensic
Medicine, Linkdping, Sweden

Background & Aims: Synthetic cathinones are seized in increasing quantities and are considered well-estab-
lished in some European drug markets. Further, toxicity presentations and drug-induced deaths involving syn-
thetic cathinones are on the rise. Synthetic cathinones are sold as alternatives to more common stimulant drugs
(e.g. amphetamines and cocaine) and generally have similar modes of action, i.e. through monoamine transport
inhibition at the dopamine, serotonin, and norepinephrine re-uptake transporters (DAT, SERT, NET, respectively).
Recent additions to the synthetic cathinone class are the herein investigated 2-methly-alpha-PiHP, N-butyl-bu-
tylone, and N-cyclohexyl-butylone, that all have first emerged in 2022. 2-Methyl-alpha-PiHP was first seized in
Sweden in September 2022 and has since been detected multiple times throughout 2023. Furthermore, tox-
icological cases (living individuals and postmortem) involving 2-methyl-alpha-PiHP were detected in Sweden
within the scope of the author's forensic toxicological casework. As often seen for new psychoactive substances
(NPS) there is extremely little information available on their modes of action and toxicity. Therefore, we assessed
the inhibitory potential of aforementioned synthetic cathinones using an in vitro cell model in comparison to
3,4-methylenedioxymethamphetamine (MDMA), cocaine, mephedrone (4-methylmethcathinone) and further
structural analogues; N-butyl-pentylone and N-butyl-hexedrone. This work aims to deepen the understanding of
the modes of actions and potencies of these recent additions to the NPS market whilst also offering some insights
into structure activity relationships. Additionally, DAT/SERT inhibition ratios, a measure of abuse potential, were
investigated.

Methods: Cells expressing either human DAT (CHO-K1 cells), SERT (HEK293 cells), or NET (MDCK cells) were incu-
bated with the respective drugs following a semi-automated and miniaturized experimental protocol. Per drug,
15 concentrations were assessed in triplicate and in three individual experiments. The amount of neurotrans-
mitter taken up by the cells is assessed using a fluorescent dye mix (i.e. strong inhibition exerted by the tested
substances resulting in lack of dye within the cells) read out by a TECAN Spark plate reader. Dose response curves
were calculated and mean inhibitory concentrations (IC, ) determined. The resulting IC, values were used to cal-
culate DAT/SERT inhibition ratios to estimate abuse liability.

Results & Discussion: N-Butyl-butylone (IC,; 29.9 nM), N-cyclohexyl-butylone (IC,  44.0 nM) and 2-methyl-al-
pha-PiHP (IC,  7.565 nM) resulted in strong inhibition at DAT, surpassing the inhibitory potential of cocaine (IC;
136 nM). Highest inhibitory potential at DAT was observed for 2-methyl-alpha-PiHP with an IC, 18 times lower
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compared to cocaine. All investigated compounds were targeting DAT over NET and showed the least inhibito-

ry potential for SERT, overall indicating dopaminergic features being more pronounced, i.e. amphetamine-like
psychostimulant effects rather than MDMA-like properties. Transporter inhibition at NET ranged from 177 nM
(2-metyhl-alpha-PiHP), and 2000 nM (N-cyclohexyl-butylone), to 3000 nM (N-butyl-butylone), whilst low inhibi-
tory potentials were found for SERT with IC, values of 979 nM, 8700 nM and, >10000 nM for 2-methyl-alpha-Pi-
HP, N-butyl-butylone, and N-cyclohexyl-butylone, respectively. In comparison, N-butyl-pentylone and N-bu-
tyl-hexedrone showed similar potencies at DAT with decreased inhibitory potentials at NET and SERT. The herein
described selectivity of DAT over SERT is also manifested in the DAT/SERT inhibitory ratios, whereby higher ratios
are linked to an increased abuse liability. The DAT/SERT inhibition ratios ranged from 0.4 for MDMA, over 3.5 for
cocaine, to 130 for 2-methyl-alpha-PiHP and 290 for both N-cyclohexyl-butylone and N-butyl-butylone. These
results indicate a high abuse potential for these newly emerging synthetic cathinones. Furthermore, dopamine
selectivity has been discussed to promote aggressive and psychotic behavior. The potent synthetic cathinone
2-methyl-alpha-PiHP was detected in two mixed-intoxication autopsy cases in Sweden. For one of these cases,
2-methyl-alpha-PiHP was classified to have contributed to death.

Conclusion: This work demonstrated that newly emerging synthetic cathinones are strong monoamine-reuptake
inhibitors with a selectivity for DAT over SERT. The IC, values of the investigated emerging synthetic cathinones
were many times lower compared to cocaine. Ultimately, this indicates great potency and a high abuse liability

of the herein investigated synthetic cathinones and their potential negative health impacts, classifying them as
public health threats. This is an example of the evolving market for the synthetic cathinones and stresses the need
to gather information about them, since they also continue to be identified in forensic toxicological casework.

In vitro y-aminobutyric acid type A receptor activity of prescription and novel benzodiaz-
epines detected on the Europeanillicit drugs market

Caitlyn Norman', Nina Ottosson?, Amaia Jauregi-Miguel?, Sara | Liin%, Henrik Gréen'?®

'Division of Clinical Chemistry and Pharmacology, Department of Biomedical and Clinical Sciences, Faculty of Med-
icine, Linkdping University, Linképing, Sweden. 2Division of Cell and Neurobiology, Department of Biomedical and
Clinical Sciences, Linképing University, Linképing, Sweden. 3Department of Forensic Genetics and Forensic Toxicol-
ogy, National Board of Forensic Medicine, Linképing, Sweden

Background & Aims: Benzodiazepines are anxiolytic and hypnotic drugs that are widely prescribed globally for
conditions including anxiety, insomnia and epilepsy. Benzodiazepines are positive allosteric modulators (PAMs) of
the g-aminobutyric acid type A (GABA)) neurotransmitter receptors at the a+/y2- interfaces and thereby enhance
GABA-induced chloride ion flux leading to neuronal hyperpolarization. Since 2007, novel chemically analogous com-
pounds that exhibit similar clinical and pharmacological properties to benzodiazepines have emerged on the illicit
drugs market, often referred to as "novel benzodiazepines". The use of novel benzodiazepines has been increasing
and is recognized as a global threat to public health by the United Nations Office on Drugs and Crime.

The exact compounds available on the illicit market is continuously evolving with 36 different novel benzodiazepines
notified to the EU Early Warning System (EWS) to date. There is little to no pharmacological information available on
these novel benzodiazepines, making it difficult to determine their potential harm to individuals and public health
and produce accurate harm reduction advice or determine their pharmaceutical potential. The overall aim of this
study was to develop and use an invitro cell-based GABA, receptor activity assay that measures the electrophysiol-
ogy of the receptor to determine the potency and efficacy of a series of novel benzodiazepines, including the most
prevalent on the illicit market and structurally diverse compounds.

Methods: GABA, ligand concentration-response experiments were performed for reference standards of different
benzodiazepines using the QPatch Il (Sophion Bioscience A/S, Denmark), a fully automated patch-clamp system
that provides an electrophysiological study of ion channels, and a Chinese hamster ovary (CHO) cell line continu-
ously expressing the a,B,v, GABA, receptor (B'SYS GmBH, Austria). QPlate 48X plates were used, which records the
currents from 10 cells per recording site. Physiological intracellular and extracellular solutions were used. GABA and
benzodiazepines were dissolved to a stock concentration of 10 mM in MilliQ H,O (aliquoted) or DMSO respectively
and diluted in extracellular solution on the day of recordings. Cells were clamped to a holding potential of -90 mV
throughout the recordings, and the zero-cursor subtraction for leakage was used. An experiment consisted of 10
consecutive applications of liquids to one recording site and each compound was tested in 4-8 experiments. There
were three applications of a GABA-reference (2 uM solution of GABA), six applications of benzodiazepines with
increasing concentrations (1.5 pMto 4.8 nM or 0.96 nM to 3 uM, (1:5 dilutions)), then one application of GABA-ref-
erence. Cells were pre-incubated with benzodiazepines for approximately 180s before re-application alongside

2 uM GABA. All solutions contained 0.3% DMSO. The peak current in presence of GABA (averaged during 5 ms) was
used for analysis, which were normalized based on the average of the experiment-specific GABA-reference (used as
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baseline) and a time-matched negative control (i.e., only DMSO) to compensate for potential non-compound depen-
dent effects in the recordings. Data was analyzed using Sophion Analyzer 7.0 and GraphPad Prism 10.

Results & Discussion: When looking at the latest novel benzodiazepines to be notified to the EU EWS, 4'-chloro de-
schloroalprazolam, which was notified in 2023, was actually found to be a benzodiazepine antagonist and fluetizolam,
notified in 2022, was a weak PAM (EC, = 149.70 nM). Bromazolam, the most prevalent novel benzodiazepine on the
illicit market now, was found to have similar potency to etizolam (EC, = 15.16 and 15.48 nM, respectively), which was
about three times stronger than diazepam (EC, = 44.3 nM). The other prevalent benzodiazepines are more potent, in-
cluding desalkylgidazepam (11.43 nM), flualprazolam (4.78 nM), flubromazepam (3.04 nM), and flubrotizolam (3.01 nM).

Structure-activity relationships were also considered based on the activity of at least 38 different benzodiaze-
pines. Despite having different base structures, all of the most potent benzodiazepines (EC,; < 2.5 nM) had a chlo-
ride at the 2 position on the benzene ring. Additional substitution of the benzene ring was also found to signifi-
cantly affect the potency, although the position of the substitution is very important. For fludiazepam (EC, = 7.04
nM), the addition of an additional fluorine at the 6 position on the benzene (difludiazepam) was found to increase
the potency (EC, = 2.97 nM). In comparison, the addition of a chloride to the 4 position was found to significantly
reduce the potency, as seen with 4'chloro deschloroalprazolam.

Conclusion: Dose-response curves and potency data for at least 38 prescription and novel benzodiazepines detected
on the illicit drugs market in Europe are reported in this study. This is the first report of the use of a cell-based GABA,
receptor binding assay for benzodiazepines and the potency of novel benzodiazepines. There was large variation found
in the potency of the benzodiazepines detected on the illicit market with results often differing from anecdotal data
of dosing guidelines from user forums. Although potency is only one variable in determining dosage, this demonstrates
the importance of analytically determining the potency of novel benzodiazepines, rather than relying on user reports.

Synthesis and functional evaluation of synthetic cannabinoid receptor agonists related to
ADB-HEXINACA

Eric Sparkes'?, Axelle Timmerman3, Jack W. Markham'24, Rochelle Boyd'#, Rebecca Gordon'*, Katelyn A. Walker'?5,
Richard C. Kevin'¢7, David E. Hibbs*, Samuel D. Banister'?, Elizabeth A. Cairns'4, Christophe P. Stove®, Adam Ame-
tovski'?

'The Lambert Initiative for Cannabinoid Therapeutics, Brain and Mind Centre, The University of Sydney, Sydney,
Australia. 2School of Chemistry, The University of Sydney, Sydney, Australia. *Laboratory of Toxicology, Department
of Bioanalysis, Faculty of Pharmaceutical Sciences, Ghent University, Ghent, Belgium. “‘Sydney Pharmacy School,
The University of Sydney, Sydney, Australia. °*School of Psychology, The University of Sydney, Sydney, Australia.
sDepartment of Clinical Pharmacology and Toxicology, St Vincent's Hospital Sydney, Sydney, Australia. ’School of
Clinical Medicine, The University of New South Wales, Sydney, Australia

Background & Aims: ADB-HEXINACA has been recently reported as a synthetic cannabinoid receptor agonist
(SCRA), one of the largest classes of new psychoactive substances (NPS). This compound marks the entry of the
n-hexyl tail group into the SCRA landscape. This modification had not been observed previously, and has continued
to appear, combined with both older and novel core scaffolds. Therefore, a proactive characterization campaign
was undertaken, including the synthesis, characterization, and pharmacological evaluation of ADB-HEXINACA and
alibrary of 41 closely related analogues. Both the novel n-hexyl and terminal n-hexenyl tail groups were examined
across the indole, indazole and 7azaindole scaffolds, with a series of typical head groups, to comprehensively ex-
plore the chemical space. In addition, computational modelling studies and induced fit docking were carried out to
rationalize key structure-activity relationships (SARs) observed in the series.

Methods: Two invitro functional assays, based on a different ligand-induced signaling event, were employed to
assess activity at CB, and CB, cannabinoid receptors. The membrane potential assay (MPA) measures the change in
membrane potential resulting from Gﬁv—coupled activation of inwardly rectifying potassium channels (GIRKs), lead-
ing to hyperpolarization of the cellular membrane. Additionally, functional activity was assessed employing cell-
based NanoBiT® assays (NanolLuc Binary Technology, Promega). The latter monitor the recruitment of a truncated
B-arrestin 2 (Barr2) in HEK293T cells stably expressing CB, or CB,. The activation of CB, or CB,, fused to one inactive
subunit of a split nanoluciferase enzyme, initializes the recruitment of Barr2, fused to the other inactive subunit.
The proximity between these subunits leads to the restoration of the enzyme's activity, which generates a mea-
surable bioluminescent signal upon addition of its substrate. The potential agonist activity of all compounds was
evaluated via single-point screening (100 nM) at both CB, and CB,,. Subsequently, the n-hexyl-indazole derivatives
and the ADB-bearing SCRAs, generally conferring strong CB, and CB, activity, were selected for further evalua-
tion. Induced fit docking was used to rationalize SARs in silico, with key receptor binding interactions observed at
both CB, and CB,,.
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Results & Discussion: All synthesized SCRAs demonstrated agonist activity at both CB, and CB,. Efficacy (E__ ) and
potency (EC, ) values were calculated relative to the reference CP55,940, and several key SARs were identified.
ADB-HEXINACA was a potent ligand at both CB, (CB, MPAPEC, =7.87 +0.12M: E__ =124 +5%; Barr2 pEC, = 8.27
+0.14M; E_ =793+42.5)and CB,(CB,MPAPEC, =7.49+0.10nM; E__ =103 +5; Barr2 pEC,;=9.26+0.19nM; E__
=101 +5.9). Generally, SCRAs featuring indazole cores were more potent than their indole analogues, which were,
on their turn, more potent than, or equipotent to the 7-azaindole derivatives. Compounds bearing ADB, MDMB and

CUMYL moieties were potent CB, and CB, agonists, while SCRAs with an APP head group had the lowest activity.

Conclusion: This study confirms that the recently detected SCRA ADB-HEXINACA and its related n-hexyl and
terminal n-hexenyl tail-containing compounds were all able to activate CB, and CB,, although to a different extent.
These findings underscore the importance of monitoring these potentially emerging SCRAs, given their generally
high potency and efficacy.

Short- and long-term stability of synthetic cathinones and dihydro-metabolites in human
whole blood and urine samples

Abdulaziz A. Aldubayyan'?, Erika Castrignano?, Simon Elliott?3, Vincenzo Abbate?

'Divison of Toxicology, Central Military Laboratory and Blood Bank, Prince Sultan Military Medical City, Riyadh, Sau-
diArabia. 2Department of Analytical, Environmental & Forensic Sciences, Faculty of Life Sciences & Medicine, King's
College London, London, United Kingdom. 3Elliott Forensic Consulting, Birmingham, United Kingdom

Background & Aims: Synthetic cathinones, have become one of the most prevalent drug classes of new psycho-
active substances (NPS) for their psychostimulant and euphoric effects. The concentration of analytes present

in biological samples at the time of analysis may significantly differ from the time of sample collection. This is the
case for synthetic cathinones as their stability is highly susceptible to degradation and thus, the stability of data
of these drugs is crucial. Various factors may influence the stability of synthetic cathinones between sampling and
analysis, and therefore, stability studies are required to determine the best storage conditions as well as extend
the period of detection. With respect to the latter, it maybe helpful to investigate the potential biomarkers that
can prove better stability in biological samples. To date, however, no comprehensive evaluation on the stability of
synthetic cathinone metabolites in the biological samples has been published.

The purpose of this study was to investigate the stability of a panel of synthetic cathinones and dihydro-metabo-
lites in human whole blood and urine samples under various conditions used in forensic toxicology using a validat-
ed liquid chromatography-tandem mass spectrometry method.

Methods: The validated methods (in both whole blood and urine) were used to assess the stability of 16 synthet-

ic cathinones and 10 selected dihydro-metabolites, examining the effects that short and prolonged storage had

on analyte stability. The whole blood samples were stored at room temperature, 4 °C, -20°C, -40 °C forup to 6
months, while urine samples were stored either at room temperature (22-23 °C) for up to 3 days, refrigerated (4 °C)
forup to 14 days or frozen (=40 °C) for up to 12 months. The influence of 2% sodium fluoride as a preservative in
blood collection tubes was also investigated.

Results & Discussion: In whole blood and urine samples, instability was observed under all storage temperatures,
but at a lower rate when stored frozen. Among frozen conditions, all parent drugs and dihydro-metabolites in
whole blood samples demonstrated higher stability at - 40 °C than at - 20 °C. The effect of preservatives (2% sodi-
um fluoride) was considered insignificant since minor/no changes were observed between preserved and unpre-
served blood samples, except for room temperature. The stability differences within synthetic cathinone classes
were diverse, in which analytes containing halogens were characterised by poor stability. Moreover, degradation
of dihydro-metabolites was significantly slower than their parent drugs under all of the storage conditions. For
instance, with the complete degradation of certain parent synthetic cathinone in whole blood especially at room
temperature and 4 °C, there was no sampling point and storage condition where dihydro-metabolites were un-
detectable over the studied period. Concerning urine samples, unlike parent drugs, all dihydro-metabolites were
fairly stable (>80% remaining) after 3 days and 14 days at room temperature and 4 °C, respectively. The only excep-
tion was for the halogenated metabolites that had more than 60% remaining under both conditions. Nevertheless,
in comparison to their respective parent drugs, the reduced metabolites were overall more stable, making them
more suitable biomarkers of synthetic cathinone use.

Conclusion: The data suggest that samples containing synthetic cathinones should be analysed immediately, if
possible. Alternatively, whole blood and urine samples should be stored frozen (at - 40 °C or lower); however,
(quantitative) results should be interpreted with caution after long-term storage. The data also promote the use of
dihydro-metabolites as biomarkers for synthetic cathinones intake, as these reduced metabolites may be detected
for longer period of time when compared with parent drugs in whole blood and urine samples.
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Metabolism study of 3-chloromethcathinone (3-CMC) by dried blood spot (DBS) sampling
after controlled administration using a murine model

Serena Mestria', Sara Odoardi', Valeria Valentini', Giulia Biosa', Giorgia Corli?, Marta Bassi?, Matteo Marti?3, Sabina
Strano Rossi'?
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LTTA Center and University Center of Gender Medicine, University of Ferrara, Ferrara, Italy. 3Collaborative Center
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Background & Aims: Since the widespread diffusion of new psychoactive substances (NPS), forensic laboratories
are often required to identify new drugs and their metabolites. In recent decades, an increasing number of NPS
made their appearance on the market; among these, Synthetic Cathinones are the second largest category moni-
tored by the European Early Warning System.

The use of micro-extraction techniques is becoming increasingly widespread, allowing the use of small volumes
of sample and solvents while maintaining a high specificity and sensitivity for the detection of NPS in biological
specimens.

The present study is aimed at the metabolism study of the synthetic cathinone 3-chloromethcatinone (3-CMC) in
a murine model, using the Dried Blood Spot (DBS) technique for the sampling, storage, and purification of blood
samples after controlled administration, and Liquid Chromatography-High Resolution Mass Spectrometry (LC-
HRMS) and Liquid Chromatography-Tandem Mass Spectrometry (LC-MS/MS) techniques for the identification of
metabolites and quantification of the parent drug.

Additionally, an evaluation of the stability of 3-CMC and its metabolites in DBS was conducted on authentic
post-administration samples, elucidating the detectability of 3-CMC and/or its metabolites over a 90-day period.

Methods: Twenty-one female ICR (CD-1®) mice were injected with a dose of the synthetic cathinone and seven
blood collection were performed at different times within a 24-hour period after the administration of 3-CMC.
Each blood drop was collected at 1-2-4-6-8-12-24 hours after administration and deposited on the cartridge, left
todry at room temperature and analyzed afterwards. Each dried spot was extracted with 0.1% formic acid metha-
nol, added with internal standard and subsequently the supernatant was evaporated to dryness and reconstituted
in 100 L of 0.1% formic acid water and 10 yL were directly injected in the LC-MS systems.

The samples were firstly analyzed by LC-HRMS for metabolites fragmentation pattern identification, using a
benchtop Orbitrap Exactive mass detector. Subsequently, a LC-MS/MS method was developed for their identifica-
tion and 3-CMC quantification in routine workload, using a Waters Acquity UHPLC system coupled to a triple quad-
rupole mass spectrometer Xevo TQ-S micro operating in Multiple Reaction Monitoring. LC-MS/MS method was fully
validated within a previous interlaboratory study about stability of synthetic cathinones in DBS ',

Additional DBS samples, collected as the previous, were deposited, stored at room temperature, and analyzed at a
later stage to evaluate the stability of 3-CMC and its metabolites 30, 50 and 90 days after first quantification.

Results & Discussion: The LC-HRMS analyses performed on dried blood samples identified three metabolites in all
the mice specimens, besides detectable amounts of the unchanged drug within the first 6 hours after administra-
tion. The main metabolic reactions observed were reduction of the B-keto group, N-demethylation and a combi-
nation of both, in accordance with other studies. A double peak was detectable for the dihydro-CMC metabolite,
which is consistent with its two stereoisomers.

The area ratios of 3-CMC and its metabolites/ISTD show the decrease of concentration of 3-CMC and the
contemporaneous increase of the metabolites within 8 hours post administration; the detection of metabolites
extends the time window of detectability of CMC intake even after the parent drug is eliminated by the bloodstream.

Stability, obtained in terms of mean percentage deviation from the initial concentrations, was also evaluated for
3-CMC and its metabolites.

As already mentioned in the literature, the main drawback of the analysis of cathinones is their high degree of in-
stability, due mostly to the nature of the molecule but also, to a lesser extent, to the storage conditions, which can
hinder their detection in biological samples. The choice of dried blood spots as storage medium helps mitigating
this stability issue; moreover, the presence of the hydroxy group in the metabolites (percentage decrease 5%-37%)
appears to increase the stability of the analyte when compared to the parent (67%-82%).

Furthermore, the use of DBS minimizes the volume of sample collection and the problems associated with storage,
transport and health hazards of blood specimens.
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Conclusion: The present application of DBS on authentic samples allows the identification and quantification of
3-CMC and its metabolites with the use of small volumes of samples while maintaining a high specificity and sensitivity.

The metabolite profile of the synthetic cathinone 3-CMC was studied by analyzing blood samples collected with-
in 24 hours after a controlled administration and allowed the identification of three metabolites (dihydro-CMC,
N-demethyl-CMC, dihydro-N-demethyl-CMC). DBS demonstrated themselves to be a versatile, rapid, and more
environmentally sustainable sample storage and pre-treatment technique, and appeared to be suitable for the
analysis of the synthetic cathinone 3-CMC in blood samples to evaluate the stability of the parent drug and its
metabolites.

[1] Morini L, Odoardi S, Mestria S, et al (2024). Microchem J 200:110394.

DOI:10.1016/J.MICROC.2024.110394

3-CMC, 4-CMC, and 4-BMC metabolic profiling in humans: New major metabolic
pathways to document consumption of methcathinone analogues
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Background & Aims: Synthetic cathinones represent one of the largest and most abused novel psychoactive sub-
stance (NPS) classes, and have been involved in many acute intoxications and fatalities worldwide. Methcathinone
analogues such as 3-methylmethcathinone (3-MMC), 3-chloromethcathinone (3-CMC), and 4-CMC (clephedrone)
currently constitute most of synthetic cathinone seizures in Europe (>95% in 2021, synthetic cathinones consti-
tuting 50% of total NPS seizures). Documenting their consumption in clinical and forensic casework is therefore
essential to tackle this trend. Targeting metabolite biomarkers is a go-to to prove synthetic cathinone consump-
tion in analytical toxicology, and metabolite profiling is crucial to support investigations. In this study, we aimed at
assessing the metabolic profile of methcathinone analogues 3-CMC, 4-CMC, and 4-bromomethcathinone (4-BMC,
brephedrone) in humans to identify specific metabolite biomarkers of consumption.

Methods: 3-CMC, 4-CMC, 4-BMC, and positive and negative controls were incubated with cryopreserved 10-do-
nor-pooled human hepatocytes for 0 and 3 h. The incubates were analyzed by liquid chromatography-high-resolu-
tion tandem mass spectrometry (LC-HRMS/MS) with a Q Exactive (Thermo Scientific); LC separation was performed
through a biphenyl-bonded column (150 x 2.1 mm, 2.6 ym; Phenomenex) with a mobile phase gradient composed
of 0.1% formic acid in water and 0.1% formic acid in acetonitrile, and MS detection was performed in full-scan/
data-dependent MS/MS mode after electrospray ionization in positive and negative modes. Raw LC-HRMS/MS data
was mined with Compound Discoverer (Themo Scientific) for an exhaustive screening. 3-CMC-positive blood and
urine (case #1), 3- and 4-CMC-positive oral fluid (case #2), and 4-CMC-positive urine (case #3) from clinical or
forensic casework were analyzed with the same workflow. The analysis was supported by human metabolite predic-
tions with GLORYx freeware (University of Hamburg, Germany).

Results & Discussion: Atotal of 9, 9, and 10 metabolites were identified in 3-CMC, 4-CMC, and 4-BMC incubates,
respectively; 3 and 2 additional minor phase Il metabolites were found in 3- and 4-CMC-positive samples, re-
spectively. Good correlation was found between in vitro and in vivo results, confirming that human hepatocyte
incubation is a good model for predicting synthetic cathinone metabolism. The same transformations occurred

for the three substances, major reactions including B-ketoreduction and N-demethylation, as expected from the
data reported on the metabolism of other analogues. More surprisingly, predominant metabolites in hepatocyte
incubations but also in positive blood and urine samples were produced by combination of N-demethylation and w-
carboxylation (most intense metabolite in 4-CMC-positive case #3), and combination of B-ketoreduction, oxidative
deamination, and O-glucuronidation (most intense metabolite in 3-CMC-positive case #1). These latter phase Il
metabolites were detected in negative-ionization mode only, and their non-conjugated form was not detected with
MS after glucuronide hydrolysis, likely due to the lack of a chemical group susceptible to ionization; this metabolic
pathway was never reported for 3-CMC, 4-CMC, and other popular methcathinone analogues susceptible to under-
go the same transformations such as 3- and 4-MMC (mephedrone). 3-CMC, 4-CMC, and 4-BMC metabolites formed
by B-ketoreduction (urine and blood); combination of N-demethylation and w-carboxylation (urine and blood); and
combination of B-ketoreduction, oxidative deamination, and O-glucuronidation (urine) are recommended as bio-
markers of consumption, along with the parent drug. Glucuronide hydrolysis of urine samples is not advised.

Conclusion: New major metabolic pathways were identified for 3- and 4-CMC in humans, and 4-BMC metabolism
was studied for the first time. Further investigation is needed to understand whether metabolites combining
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B-ketoreduction, oxidative deamination, and O-glucuronidation are also major with other methcathinone ana-
logues and, more broadly, other synthetic cathinones depending on the amine group substitutions. Further phar-
macokinetic study is also needed to understand the relevance of the newly identified metabolites to document
early and late consumption. These results strongly support the need for comprehensive screening strategies in me-
tabolite identification studies, to avoid overlooking significant metabolites and major biomarkers of consumption.

Assessment of a-PVP disposition in oral fluid, sweat and urine in humans by GC-MS/MS$
analysis

Nunzia La Maida', Annagiulia Di Trana', Georgina de la Rosa?®, Clara Pérez-Mafa??, Esther Papaseit?®, Lourdes
Poyatos?3, Manuela Pellegrini', Alessandro Di Giorgi*, Magi Farré?3, Simona Pichini’

'National Centre on Addiction and Doping, Istituto Superiore di Sanita, Rome, Italy. ?Affiliation Department of Clini-
cal Pharmacology, Hospital Universitari Germans Trias i Pujol and Institut de Recerca Germans Trias i Pujol (HUG-
TiP-IGTP), Badalona, Spain. *Department of Pharmacology, Therapeutics and Toxicology, Universitat Autdbnoma de
Barcelona, Cerdanyola del Vallés, Spain. “University Politecnica delle Marche, Ancona, Italy

Background & Aims: a-PVP belongs to the fourth generation of synthetic cathinones and it is structurally related
to pyrovalerone. Several cases of intoxication and deaths due to a-PVP consumption alone or in combination with
other substances have been reported in the literature. The substance is still used in recreational settings with
different routes of administration (oral, intranasal, intravenous, rectal) even if since 2016, it is controlled in the
majority of EU countries and is scheduled in the United Nations Convention on Psychotropic Substances of 1971.
This observational nauturalistic study in humans aimed for the first time to investigate a-PVP disposition in oral
fluid (OF), its excretion in urine and sweat (SW) of consumers through GC-MS/MS analysis.

Methods: Nine healthy psychostimulants users (3 women, six men) were enrolled in the study, provided a signed
informed consent and were required a wash-out period before the substance administration . Six volunteers
self-administered intranasal 20mg a-PVP, while the others three 10mg. OF samples were collected before and
at0.33,0.66,1,1.5,2,2.5,3, 4 and 5h after a-PVP intake. Pooled urine samples were collected between 0-2h

and 2-5h after a-PVP intake. For every volunteer, two SW patches were collected, 4h prior to the administration
(-4-0h) and up to 5h (0-5h) following consumption. An amount of 50uL OF and urine samples were liquid-liquid
extracted with ethylacetate, after the addition of IS (a-PVP-d,) and 100uL of 0.56M ammonium hydrogen carbonate,
dried gently under nitrogen stream and reconstituted in 50uL ethylacetate. Patches were pretreated by removing
the absorbent pad, then fortified with IS and sonicated in methanol for 1h. Finally, 100uL was dried under nitrogen
stream and reconstituted in 50uL ethylacetate. Analyses were performed on 7890B GC system coupled to 7000C
triple quadruple mass spectrometer operating in multiple reaction monitoring mode.

Results & Discussion: a-PVP OF concentration reached a median peak of 2.6ug/mL (range 0.58-16pg/mL) at a me-
dianT __ of 0.83h (range 0.33-1.0h) following 20mg dose, while after 10mg single dose it peaked at amedian T __ of

max

1.0h with a median C__ of 1.0ug/mL (range 0.11-1.1pg/mL). a-PVP was detectable in OF at the final 5h time point
in 8 out of 9 participants. a-PVP and its most abundant metabolite formed by reduction of the ketone structure
were determined in urine, the median a-PVP total amount excreted in 5h was 89 and 108ug after intranasal doses
of 20 and 10mg, respectively. Interestingly, 5h post administration only 2 patches out of 6 volunteers who snorted a
single dose of 20mg, were found to contain a-PVP with concentrations of 31.7 and 64.5 ng/patch. Conversely,

a-PVP was excreted in sweat at concentrations of 18.3, 24.8 and 1477ng/patch in consumers snorting 10mg.

Conclusion: To the best of our knowledge, our results provide for the first time information about the disposition in
humans of a-PVP in OF and its excretion in urine and sweat after a controlled intranasal administration. Our results
showed that a-PVP is rapidly absorbed, within the first hour, at both doses. Additionally, intranasal doses of 20 and
10mg resulted in excretion rates of the parent compound of only 0.45% and 1.1% in 5 hours. Despite the small sam-
ple size and controversial results, this preliminary study revealed that a-PVP excretion occurs also in sweat.
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Epidemiological profile of pregabalin misuse and abuse in the region of Ouargla, Algeria

Amine Mohamed Kerdoun', Anissa Zergui?, Assia Yamoun?
'Kasdi Merbah University, Ouargla, Algeria. ?National Center of Toxicology, annex of Ouargla, Ouargla, Algeria.
SFarhat Abbas University, Setif, Algeria

Background & Aims: Pregabalin (PGB) misuse represents a growing trend in worldwide, leading to dependence and
acute poisoning with mortality risk. There is a lack of data in on PGB misuse and abuse in Algeria. Thus, the present
study aimed to determine its local epidemiological characteristics

Methods: An observational retrospective study was conducted over a period of seven years from January 1, 2017,
to October 31st, 2023. The included population were patients admitted for PGB misuse and poisoning, in adult and
paediatric emergencies departments of public health establishments. Statistical analysis and data visualization
were performed using R software.

Results & Discussion: During the last seven years (2017-2023), 152 cases of PGB misuse and poisoning were record-
ed, representing 10.78% of acute poisoning cases. A significant increase in the incidence of PGB poisoning cases
has been observed, ranging from 0.84% in 2017, to 15.54% in 2022, then 21.46% in 2023. Patients mean age was
24+8-year-olds, and 90.78% were male. Urine analysis remained positive for only PGB in 35.52% of cases, and PGB
combined with other psychoactive substances (64.48%) including cannabis (50.65%), benzodiazepines (23.68%),
MDMA (15.13%), amphetamines (12.5%), tramadol (4.6%), cocaine (3.94%), illicit opioids (2.63%), tricyclic antide-
pressants (1.97%), barbiturates (1.97%), buprenorphine (1.31%), and alcohol (1.31%). Recorded patients have pre-
sented various neurological signs including: disorders of consciousness (46.71%), drowsiness (30.92%), psychomo-
tor agitation (11.18%), coma (3.94%), miosis (3.94%), anxiety (3.94%), convulsions (3.28%), and altered mental status
(2.64%). The evolution was favourable in 96.72% of the cases. The lethality rate was calculated as 3.28%.

Conclusion: PGB misuse and abuse's incidence has increased in the last two years in the region of Ouargla, and is
becoming a public health issue. Awareness campaigns are recommended.

Structure-activity relationship of P-gp ATPase modification by synthetic cannabinoids and
drug-drug interaction prediction

Lea Wagmann, Anna Spanier, Markus R. Meyer
Department of Experimental and Clinical Toxicology, Institute of Experimental and Clinical Pharmacology and Toxi-
cology, Center for Molecular Signaling (PZMS), Saarland University, Homburg, Germany

Background & Aims: The human P-glycoprotein (P-gp) as prominent efflux transporter has strong impact on drug
pharmacokinetics. P-gp is involved in drug disposition due to its presence in the intestine, the blood-brain barrier,
as well as in excretory tissues. Relevant drug-drug interactions can occur if the transport and in turn the distri-
bution of adrugisincreased or decreased by a second compound. Unfortunately, very limited information about
the influence of drugs of abuse and especially new psychoactive substances (NPS) on P-gp activity is available. The
aims of the present study were thus to investigate a total of 20 synthetic cannabinoids (SC) with different structur-
al properties for their potential to modify in vitro P-gp ATPase activity. Findings may allow to elaborate a struc-
ture-activity relationship and predict potential drug-drug interactions.

Methods: Membranes with cDNA-expressed, human P-gp were incubated with three different concentrations (2,
20, 200 yM, n = 3) of each SC (A-CHMINACA, A-FUBINACA, 3,5-AB-5F-FUPPYCA, AB-5F-P7AICA, AB-CHMFUPPYCA,
ADB-BINACA, Cumyl-4CN-BINACA, DMBA-CHMINACA, MDMB-4en-PINACA, MDMB-4F-BINACA, MDMB-5F-PICA,
MDMB-FUBICA, MMB-4en-PICA, MMB-CHMICA, MMB-FUBINACA, MPhP-5F-PICA, 2F-QMPSB, QMMSB, QMPCB, or
SGT-233) in presence of adenosine 5'-triphosphate (ATP, 4 mM) at 37°C for 20 min. Additional coincubations of
each SC (2, 20, 200 pM, n = 3) with verapamil (20 uM) were conducted. ADP formation was measured and quantified
by hydrophilic interaction liquid chromatography-high-resolution tandem mass spectrometry in negative ioniza-
tion mode and compared to reference incubations, such as incubations without P-gp or with the recommended
P-gp model substrate verapamil. A one-way ANOVA followed by Dunnett's multiple comparison test was used to
test for statistically significant differences.

Results & Discussion: As ATP hydrolysis followed by release of adenosine 5'-diphosphate (ADP) and inorganic
phosphate is crucial for P-gp transport, ADP formation was measured and used as in vitro marker for P-gp AT-
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Pase activity. Such an increased activity often correlates with in vivo P-gp transport activity. Sixteen out of 20 SC
showed statistically significant P-gp ATPase stimulation. Fifteen of them increased the ADP formation at the lowest
test concentration of 2 pM indicating high affinity to the P-gp ATPase. In case of 10 SC, the ADP formation was
higher compared to that in reference incubations with verapamil. In terms of the structure-activity relationship,
the head group seemed to be the major determinant of the ATPase stimulation ability of a SC. Head group derived
from adamantane, or the amino acids valine or phenylalanine were beneficial, but not those derived from tert-leu-
cine. The structures of core, linker, and tail seemed to have minor influence on the P-gp ATPase affinity of the SC.
Coincubations of the SC with verapamil were used to test for possible in vivo drug-drug interactions. Eight out of
20 SC showed statistically significant reduced ADP formation compared to reference incubations with verapamil
alone. Five of them decreased the ADP formation at the lowest test concentration of 2 yM. Reduced ADP formation
in coincubations may indicate an inhibition of the P-gp followed by reduced transport capacity. P-gp membranes
are limited in their prediction potential because they only indicate P-gp ATPase activity but not the transport
through the cell membrane. However, membrane-based experiments can be a good starting point for follow-up
experiments using vesicular- or cell layer-models.

Conclusion: Membrane-based experiments represent a rapid P-gp ATPase stimulation screening tool. The pre-
sented data demonstrate that many SC interact with P-gp and that the structure of the head group is of particu-
lar importance. Some SC were shown to inhibit the P-gp ATPase in coincubations. A thorough monitoring of the
toxicokinetics of NPSis crucial for risk assessment and prevention and further characterization of potential P-gp
substrates or inhibitors among the SC must be accelerated.

Amino acids and their metabolites as biochemical markers of putrefaction

Laura Franke, Hannah Ihle, Kristina Rieger, Viviane Stammer, Senta Niederegger, Dirk K. Wissenbach,
Frank T. Peters, Gita Mall
Institute of Forensic Medicine, Jena University Hospital, Friedrich Schiller University Jena, Jena, Germany

Background & Aims: Post mortem decay is influenced by several processes, especially autolysis, the degradation

of macromolecules such as proteins by hydrolytic enzymes, and putrefaction, the (further) microbial metabolism/
degradation of the aforementioned compounds and autolysis end products e.g., amino acids. Amino acids can be
metabolized by bacterial enzymes leading to decarboxylation, N-acetylation, hydroxylation, and/or transamination/
deamination. The aim of this study was to analyze amino acids and their bacterial degradation products/metabolites
by liquid chromatography - high-resolution mass spectrometry (LC-HRMS) in a semiquantitative way, to investigate
their potential as an indicator of the putrefaction grade. For this purpose, the selected amino acids and metabolites
were monitored in vitreous humor from pig eyes over a study period of four days.

Methods: Sixty pig eyes were freshly obtained from a local butcher and stored on either petri dishes or truncated
self-standing conical centrifuge tubes (n=30, each) within a climatic chamber at 25°C and 65% humidity for up to
four days. Every day vitreous humor was drawn from six eyes, respectively, and frozen at -80°C. For sample prepa-
ration, 10 L of vitreous humor were precipitated by 50 pL of a acetonitrile-methanol-mixture (4:1, v:v). After-
wards, the supernatant was diluted 1:4 (v:v) by mobile phase A (10 mM ammonium formate, 0.1% formic acid) and
analyzed by LC-HRMS" operated in fullscan MS' and MS? detection modes. Amino acids and their metabolites were
identified by comparison of the obtained HRMS? spectra to those of purchased analytical standards, reference
spectra databases, careful fragmentation pattern analysis, and/or in silico structure prediction. For semiquantita-
tive analysis peak areas were analyzed in fullscan mode.

Results & Discussion: Five amino acids (lysine, arginine, tyrosine, phenylalanine, tryptophan) and ten amino acid
metabolites (N6-acetyllysine, N-acetylcadaverine, N-acetylagmatine, tyramine, 2-phenylethylamine, kynurenic
acid, N-acetyltyramine, N-acetyltryptophan, N-acetyl-2-phenylethylamine, N-acetyltryptamine) were detected
and (putatively) identified in vitreous humor. All five investigated amino acids were already detected from day O.
Especially the aromatic amino acids, such as phenylalanine, showed a significant increase from day O to day 4 of
up to 46-fold, while for arginine no trend was found. Observed increases in amino acid peak areas are most likely
due to proteolysis by hydrolytic enzymes leaking from degraded cells during autolysis. The amino acid metabolites
including acetylated amino acids, biogenic amines, acetylated biogenic amines, and others were not present on
day 0. Most of these compounds were first detected on day 2 and peak areas were strongly increased by days 3
and 4, suggesting that these compounds were formed during putrefaction processes. In particular, for the amino
acid metabolites N6-acetyllysine, N-acetylcadaverine, kynurenic acid, N-acetyltyramine, and N-acetyltryptophan
significant increases over time were observed (t-test, a=0.05). However, high variability was found among the six
eyes within the same condition (type and time of storage). This was especially true for N-acetylagmatine, tyra-
mine, 2-phenylethylamine, and N-acetyl-2-phenylethylamine. Comparison of the two storage conditions on either
truncated conical centrifuge tubes or petri dishes showed no significant differences (t-test, a=0.05) with respect
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to peak areas of the investigated analytes, except for arginine (slightly higher in conical centrifuge tubes on day 2,
markedly higher in petri dishes on day 3) and N6-acetyllysine (markedly higher in conical centrifuge tubes on day 3).

Conclusion: Amino acids and their metabolites could serve as potential markers to characterize the putrefaction
process and thus as an estimation tool for the post mortem interval. Particularly, aromatic amino acids and their
metabolites seem to be candidates for this purpose. However, further investigation is needed to identify influencing
factors on amino acid/amino acid metabolite profiles and involved microbes.

Mitragynine and 7-hydroxymitragynine plasma pharmacokinetics after controlled oral
mitragynine isolate administration to healthy human subjects

Marilyn A. Huestis', Martin A. Brett?, John Bothmer3, Thomas Hudzik*, Jack E. Henningfield®, Ramsey Atallah®
"Thomas Jefferson University, Philadelphia, USA. 2PK Consultant, Pulheim, Germany. 3JB Pharma Consulting,
Heerlen, Netherlands. “ALA, BioPharma Consulting, Monroe, USA. *PinneyAssociates, Bethesda, USA. ¢Della Terra
Pharmaceuticals, Atlanta, USA

Background & Aims: There currently are no FDA or EMA approved uses for kratom or mitragynine, its primary active
alkaloid. Tremendous growth in kratom research, primarily funded by the National Institute on Drug Abuse, highlight
mitragynine's unique mechanisms of action including pain relief due to partial agonism at the py-opioid receptor
without recruiting the beta-arrestin pathway thought to be responsible for respiratory depression, side-effects

of prototypical opioids. Last year we provided pharmacokinetic data after controlled single and 15 consecutive
multiple doses of dried oral kratom leaf doses in capsules up to 4000 mg or 53.2 mg mitragynine to healthy adults to
improve understanding of mitragynine and its active metabolite, 7-hydroxymitragynine (7-OH-MTG) concentrations
(Huestis et al Molecules 2024). This year, we present pharmacokinetic data from the first placebo-controlled, ran-
domized, escalating dose human administration study of mitragynine isolate (Mitra-Isolate™).

Methods: A placebo-controlled, ascending single and 15 consecutive daily doses of mitragynine isolate (11.15,
22.3,44.6 and 89.2 mgin capsules) was conducted in 48 healthy individuals during 31 in-person visits with plasma
sampling up to 10 and 23 days after single and multiple doses, respectively. Participants were kratom naive or had
not used kratom in at least 12 months. The Advarra Institutional Review Board and Health Canada approved the
study. Informed consent was obtained from all subjects involved in the study. Mitragynine and 7-OH-MTG concen-
trations were determined by a fully-validated LC-MS/MS method according to the FDA Guidance for Industry and
EMA Guideline on Bioanalytical Method Validation. Sample pretreatment consisted of protein precipitation of 100
uL plasma after addition of mitragynine-D3 and 7-OH-MTG-D3 internal standards. Linearity was 0.5-500 ng/mL for
mitragynine and 0.5-100 ng/mL for 7-OH-MTG. Between-run accuracy (% bias) was -0.6-2.2% and 2.4-10.4% and
between-run precision (%CV) 3.9-9.3% and 4.2-10.4% for mitragynine and 7-OH-MTG, respectively. Four quality
control samples spread across the linear range for each analyte were included in each batch.

Results & Discussion: Table 1 Median (range) C__, AUC, ,,h*ng/mLand T1/2 for mitragynine and 7-OH-MTG after
single (SD) and 15 multiple (MD) mitragynine isolate doses.
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Mitra-isolate™ 11.15mg 22.3mg 44.6 mg 89.2mg

sSD C,., ng/mL

n 11 12 12 12

Mitragynine 30.5(9.1-72.4) 77.0(30.8-142) 124 (51.1-494) 219 (105-445)

7-OH-MTG 5.1(3.1-11.7) 14.1(6.9-23.2) 22.5(11.8-59.7) 34.2(16.2-60.9)
AUC_,, h*ng/mL

Mitragynine 92.3(23.2-144) 248 (69.2-425) 490(238-1244) 806 (432-1937)

7-OH-MTG 12.7 (8.5-36.4) 48.3(22.7-85.1) 102 (41.1-231) 163(88.5-307)
T1/2h

Mitragynine 12.9(1.5-53.4) 21.0(1.4-65.0) 51.2(25.4-94.6) 42.9(17.8-80.0)

7-OH-MTG 1.8(0.9-4.0) 3.2(1.3-8.1) 4.6(2.7-24.8) 4.0(2.7-24.0)

MD C pax steady state N8/ ML

n 11 10 12 8

Mitragynine 38.2(14.8-108) 111 (43.7-160) 174 (73.5-425) 336(193-753)

7-OH-MTG 6.1(4-14.4) 13.6(7.2-21.5) 21.6(10.3-46.2 42.6(28.9-63.3)
AUC .. steay state N*NB/ML

Mitragynine 124 (45.1-259) 437 (136-806) 923(342-1904) 1675 (848-2730)

7-OH-MTG 15.6(10.2-41.1) 55.5(20.8-135) 125(37.7-247) 248 (112~ 354)
T1/2 Steady state h

Mitragynine 50.8 (4.2-88.4) 45.8(17.9-98.5) 64.7 (30.5-104) 44.5(42.6-78.6)

7-OH-MTG 2.8(1.5-5.0) 4.1(1.7-64.6) 30.6 (2.5-129) 33.7 (4.3-135)

There were no serious adverse events or deaths, and the participant with the highest mitragynine concentration
(753 ng/mL) completed the study. Mitragynine median T, ranged from 0.75-1.2 h after a SD and from 0.75-1.2 h

after 15 MD. 7-OH-MTG median T__ were similar from 1.0-1.5 h aftera SD and 1.0-1.7 h after 15 MD. Dose pro-
portionality was assessed on the exposure parameters C
MD using a power model. C__ for both analytes after SD and MD fulfilled the condition for dose proportionality.
(MD) increased slightly higher than dose proportional for mitragynine SD and MD and for
of 7-OH-MTG after SD. Steady state for mitragynine

AUC (SD) and AUC

O-Tlast

7-OH-MTG MD, with dose proportionality shown for AUC

O-tau,ss

max

O-Tlast

and AUC for mitragynine and 7-OH-MTG after SD and

and 7-OH-MTG was reached between 7 and 10 days after the start of MD. Mean mitragynine accumulation factors
across the four doses after MD were between 1.5 - 1.7 for C__ and between 1.7 - 1.8 for AUC__,, and for 7-OH-MTG
1.1-1.2forC__ and between 1.2 -1.3 for AUC_,,.

Conclusion: This mitragynine isolate human study greatly extends the controlled administered dose range to 89.3
mg mitragynine and provides the first human data on mitragynine isolate pharmacokinetics. Overall, all doses were
well tolerated and no serious adverse events were reported. Maximum individual mitragynine concentrations up to
753 ng/mL were observed at steady state in the present study. The current study provides critically needed pharma-
cokinetic data for interpreting potentially therapeutic and toxic mitragynine and 7-OH-MTG concentrations.

Characterization of 'prophetic’ nitazenes: insights from in vitro p-opioid receptor assays

and in vivo behavioral studies in mice

Marthe M. Vandeputte', Grant C. Glatfelter?, Donna Walther?, Nathan K. Layle®, Danielle M. St. Germaine?, Istvan
Ujvary*, Donna M. lula’, Michael H. Baumann?, Christophe P. Stove'

'Ghent University, Ghent, Belgium. 2National Institute on Drug Abuse (NIDA) Intramural Research Program (IRP),
Baltimore, USA. 3Cayman Chemical Company, Ann Arbor, USA. “iKem BT, Budapest, Hungary

Background & Aims: New synthetic opioids (NSOs) continue to contribute to drug-related fatalities worldwide. Since
2019, various NSOs with a 2-benzylbenzimidazole scaffold ('nitazenes') have been detected in the recreational drug
market, with six nitazenes identified for the first time in Europe in 2023. While new to the recreational drug market,
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different nitazenes (e.g., isotonitazene, etazene) were originally studied in the 1950s-60s for their potential as analge-
sics. Others, such as N-pyrrolidino protonitazene (protonitazepyne), have never been evaluated before, and are truly
'new' synthetic opioids. As the group of nitazenes continues to expand, so does the diversity and complexity of various
analogues at the street level, posing an increasingly significant threat to public health worldwide. Here, we synthesized
and characterized 15 nitazenes differing in 4 positions of the 2-benzylbenzimidazole core structure (R,-R,). These
'prophetic’ analogues were selected from old literature (n = 8) or newly designed (n = 7) based on their predicted bio-
logical activity and relative ease of synthesis. The results aim to expand the existing knowledge about 2-benzylbenzim-
idazole structure-activity relationships (SAR), while also helping stakeholders (e.g., forensic toxicologists, clinicians,
policymakers) in their risk assessment and preparedness for the potential next generation of nitazenes.

Methods: Invitro characterization focused on the py-opioid receptor (MOR), the primary molecular target for clin-
ically applied and abused opioids. MOR affinity was determined via competition radioligand ([HIDAMGO) binding
assays in rat brain tissue. MOR activation (potency and efficacy) was studied by means of a cell-based B-arrestin

2 (Barr2) recruitment assay. To complement in vitro findings, in vivo experiments were performed to investigate
opioid-like effects in male C57BL/6J mice for seven analogues of the highly potent etonitazene.

Results & Discussion: Radioligand binding assays revealed that all nitazenes bind to MOR with nanomolar affinities
(K=8-431nM). In the Barr2 recruitment assay, all compounds activated MOR with potencies ranging from 0.588 nM
(etonitazene) to 1266 nM (ethylene nitazene). Methionitazene (EC, =5.28 nM) and a'-methyl etonitazene (EC_=1.00
nM) were the only newly studied analogues with a higher potency than fentanyl (EC, =17.0 nM). While most newly stud-
ied nitazenes were less active than their corresponding comparator 2-benzylbenzimidazole, notable exceptions were
iso-butonitazene (EC, =10.3 nM) and sec-butonitazene (EC, =7.62 nM), the potencies of which exceeded that of bu-
tonitazene (EC, =34.2 nM). Furthermore, methylnitazene (EC, =70.2 nM) and propylnitazene (EC, =9.50 nM) were more
potent than nitazene (EC,,=312 nM). Efficacies ranged from 187-254% (compared to hydromorphone) in the employed
assay; 1-ethyl-pyrrolidinylmethyl N-desalkyl etonitazene (E__ =173%), 5-trifluoromethyl isotodesnitazene (E__=133%),
and nitazene (E__ =172%) were the only analogues with a lower efficacy than fentanyl (E__ =209%). Invivo, dose-depen-
dent effects were observed for antinociception, locomotor activity, and body temperature changes in mice. The anti-
nociceptive potency of etonitazene was 0.022 mg/kg. The most and least potent analogues were a'-methyl etonitazene
(ED,,=0.060 mg/kg) and ethyleneoxynitazene (ED, =11 mg/kg), respectively, and all analogues reached the maximum
level of antinociception (i.e., 45-second cut-off). Bell-shaped curves were obtained for locomotor activity. The maxi-
mum distance traveled by the animals was largely comparable between the different treatment groups (~320-410 m),
and all analogues induced a comparable maximum decrease in body temperature compared to baseline (2.0-2.6°C).

Taken together, various new SAR insights were gained. At R, (para-benzyl), ethoxy and isopropoxy substituents
remain the "sweet spot” in terms of opioid activity, and corresponding thioalkyl analogues (e.g., methionitazene)
may be equally active. Analogues with branched alkoxy tails (e.g., iso-butonitazene, sec-butonitazene) showed an
increased activity compared to compounds with longer linear tails, whereas decreased potencies were observed
in analogues with trifluoromethyl (e.g., trifluorometonitazene) and alkyl (e.g., propylnitazene) substitutions. A rigid
dihydrofuran moiety (e.g., ethyleneoxynitazene) conferred decreased in vitro and in vivo opioid activity. AtR,, the
importance of the 5-nitro group was further confirmed, with 5-methyl (e.g., 5-methyl etodesnitazene) and (partic-
ularly) 5-trifluoromethyl (e.g., 5-trifluoromethyl isotodesnitazene) substitutions leading to a decreased in vitro opi-
oid activity. Modification of R, by appending a 1-ethyl-pyrrolidinylmethyl group at the benzimidazole N1-atom
(i.e., 1-ethyl-pyrrolidinylmethyl N-desalkyl etonitazene) reduced in vitro and in vivo opioid activity compared to a
diethylamino chain. At R,, lengthening of the methylene bridge between the benzimidazole and benzyl moieties
substantially decreased opioid activity (e.g., ethylene etonitazene, ethylene nitazene). Importantly, a'-methyl sub-
stituted 2-benzylbenzimidazoles (e.g., a'-methyl etonitazene) have the potential to yield highly active opioids.

Conclusion: As nitazenes are increasingly present at the street level - as individual drugs, mixed with or mis-sold

as heroin or other drugs, or as ingredients of fake opioid, benzodiazepine or ecstasy tablets - close monitoring of
market developments and rapid characterization of newly emerging analogues is of critical importance. Through
careful pharmacological characterization, this study aims to inform stakeholders regarding nitazenes that have been
actively contributing or might be anticipated to contribute to the nitazene as well as the larger opioid crisis.
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A comprehensive HPLC-MS/MS method for the detection of hexahydrocannabinol (HHC)
epimers and related metabolic profile and its application to in vitro metabolic studies of
stereochemically pure and mixture of HHC epimers

Milena Pajovic, Kim Wolff, Erika Castrignand
Drug Control Centre, King’s Forensics, Department of Analytical, Environmental and Forensic Sciences, King’s Col-
lege London, London, United Kingdom

Background & Aims: Hexahydrocannabinol (HHC) is a semi-synthetic cannabinoid that recently emerged in the
dynamic landscape of novel psychoactive substances (NPS). It has been flagged by European Authorities for its
concerning availability in the online market due to its similarities to Delta-9-tetrahydrocannabinol (A9-THC i.e.,
the main component of cannabis). To date, several research groups have explored the gap in knowledge related to
human pharmacological or toxicological studies. However, since HHC exists as a mixture of two epimers, configu-
red as 9(S)-HHC and 9(R)-HHC, particular attention needs to be posed by toxicologists to account for the impact of
its epimeric composition in these studies. Therefore, the chromatographic separation of such epimers is a crucial
point in the development of analytical methods to evaluate the human metabolic profiling of HHC and its epimeric
composition. This research study provides (i) a comprehensive HPLC-MS/MS analytical method for the full sepa-
ration of 9(S)- and 9(R)-HHC and the related metabolic profile in a single analytical chromatographic run and (ii)
results from the in vitro metabolic studies of single incubated stereochemically pure HHC epimers and mixture.

Methods: An UPLC Acquity system (Waters) coupled with a Xevo TQ-S Triple Quadrupole Mass Spectrometer
(HPLC-MS/MS, Waters) system was used and Multiple Reaction Monitoring (MRM) was employed in the positive

ion mode (ES+). Chromatographic analysis was conducted with a HSS T3 column (1004, 1.8 ym, 2.1 mm x 150 mm)
(Acquity, Waters). Several conditions were studied for the optimisation of the chromatographic method. Iso-
cratic conditions by using a mixture of water, methanol and 0.3% formic acid (20:80:0.1 v/v) enabled attaining
effective chromatographic separation of 9(S)-HHC and 9(R)-HHC (crucial for the in vitro experiment) and related
metabolites. For the in vitro metabolism using pooled Human Liver Microsomes (HLM), three sampling points were
collected to monitor the experiment: at time zero (TO), 90 minutes (T90), and 180 minutes (T180). Single epimer
9(S)- HHC and 9(R)-HHC) and the mixture 9(S/R)-HHC were incubated in duplicate at the final concentration of

50 uM. A total of 10 reactors were prepared, including adequate negative controls. Twenty puL of phosphate buffer
of 50mM and 20 pL of either mixed substrate or single substrate was added to all reactors except for the blank
with HLM and the blank with regenerating system. 2 yL of alamethicin solution at 12.5 mg/mL, and 20 pL of UDPGA
solution 100 uM were added to all reactors except for the blank with only HLM and the blank of substrate mix with
HLM. Ice-cold acetonitrile was added to each reactor at the end of each collection point to end the reaction.
After 1.5 hours of incubation 20 pL of PAPS solution at 100 uM were added. All the samples were vortexed and
centrifuged for 10 minutes at 1000 rpm. The supernatant was transferred and evaporated at 40°C. Samples were
reconstituted in 50 pL of internal standard mixture at 100 ng/mL in H20/MeOH (80:20) and transferred into a 250
uL glass vial with a fused insert for LC-MS/MS analysis.

Results & Discussion: The proposed analytical method via HPLC-MS/MS was developed to inform the in vitro study
for the detection of HHC and its metabolic profile. The fully chromatographic separation of HHC epimers was
achieved, including their isomeric metabolites, such as 11-nor-9(S)-carboxy-HHC, 11-nor-9(R)-carboxy-HHC,
(+/-)-9a-hydroxy-HHC, (+/-)-9B-hydroxy HHC, 11-hydroxy-9(S)-HHC, and 11-hydroxy-9(R)-HHC. Experimental

in vitro metabolic studies of stereochemically pure incubated epimers and mixture of HHC epimers by using HLM
produced the formation of metabolites, such as 9B-hydroxy-HHC, 11-hydroxy-9R-HHC, 11-hydroxy-9S-HHC. This
data confirmed the formation of the defined stereochemistry of hydroxy-metabolites in the reactor where the
single epimer was incubated.

Conclusion: Detection and separation of the isomers 9(S)-HHC and 9(R)-HHC along with their metabolites were
achieved by using an isocratic HPLC-MS/MS method. The metabolites 9B-hydroxy-HHC, 11-hydroxy-9R-HHC, were
formed in the reactors where the epimer 9(R)-HHC was incubated, whilst 11-hydroxy-9S-HHC was from the 9(S)-
HHC reactor. As a result, the analytical methodology could be applied to further research related to HHC in other
matrices.
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Metabolic biotransformation of synthetic cannabinoid receptor agonists (SCRAs)

Eathan Walker!', Eric Sparkes?, Morgan Alonzo?, Unnikrishnan Kuzhiumparambil, Shanlin Fu'

'Centre for Forensic Science, University of Technology Sydney, Sydney, Australia. 2Brain and Mind Centre, Univer-
sity of Sydney, Sydney, Australia. 3School of Mathematical and Physical Sciences, University of Technology Sydney,
Sydney, Australia. *Climate Change Cluster, University of Technology Sydney, Sydney, Australia

Background & Aims: Synthetic Cannabinoid Receptor Agonists (SCRAs) are a sub-category of substances that belongto a
group known as New Psychoactive Substances (NPS) and are often sprayed onto plant material, which is then smoked like
Cannabis. These compounds act on the same CB1 and CB2 receptors that produce the effects when cannabinoids like
delta-9-tetrahydrocannabinol (A9-THC) and cannabidiol (CBD) are used. A significant issue with SCRAs is that their chemical
structures can be altered to enhance or change the desired effects, which is associated with a higher risk of adverse events
occurring, including death. The designer nature of SCRAs has allowed them to easily circumvent the generic structure bans
with slight modifications while retaining the ability to agonise the CB1 and CB2 receptors.

To predict metabolites that could be formed in the human system, human liver microsomes (HLM) can be used to break
down a SCRA into its metabolites in an in-vitro model. The resulting metabolites could be potential biomarkers for detecting
a SCRA within a human system. One drawback of using HLM is its capability to only produce Phase 1 metabolites; thus, it is
not ideal for investigating the conjugated Phase 2 metabolites. This issue can be mitigated by utilising hydrolysis methods as
necessary. A high-resolution LC-QToF-MS is used to detect and characterise the potential metabolites.

This study aims to investigate the metabolic pathways of several SCRAs belonging to the indazole carboxamide family, such
as A-5F-PINACA and 3F-A-5F-PINACA, using HLM and the influence that different head group structures have on those
pathways.

Methods: A standard solution of the SCRA is added to a buffered solution (pH 7.4) containing 0.01-0.03% acetonitrile and
the NADPH regeneration system solutions. This is then pre-incubated for 5 minutes at 37 OC before metabolism starts.
Human liver microsome (sourced from GenTest supplied by Corning Life Sciences/Discovery Life Sciences) is then added
tothe sample. It is incubated for 1-3 hours to allow the metabolism of the SCRA to be done. Control samples for the study
include SCRA without HLM and HLM without SCRA. Ice-cold acetonitrile is then added to quench the reaction to prevent
further metabolism. It is then centrifuged to precipitate out the denatured enzymes before passing it througha0.22 pm
filterand 5 pL injected for LC-QToF-MS analysis.

Analysis was performed on an Agilent 6510 high-resolution LC-QToF-MS with a Poroshell 120 EC-C18 column attached.
The column utilised water and acetonitrile as mobile phases (0.1% formic acid added to both) at a 0.3 mL/min flow rate in
gradient elution. lonisation was done in positive mode with scanning ranges of 50-700 m/z (MS) & 50-700 m/z (MS/MS). Col-
lision energies were setto 10, 20 and 40 eV, and data acquisition was done in untargeted mode. The data was then proces-
sed using MassHunter Qualitative software.

Results & Discussion: The data indicates that the SCRAs mainly underwent oxidation reactions forming mono-, di- and
tri-hydroxylation and some N-dealkylation reactions. This was determined by using ms1 data to characterise the mass of
the metabolite, which was structurally confirmed by the ms2 spectra generated from the metabolite breaking down under
different collision energies. It was seen that the head groups influence the metabolism of the SCRAs, mainly in how the head
group metabolises, making it harder to differentiate the metabolic profiles if they are similar.

All of the metabolism routes identified indicate that only Phase 1 metabolites were formed during the metabolism of the
SCRA. However, this is expected as HLM is not well suited to produce the Phase 2 conjugation metabolites as it lacks the
transferase enzymes responsible for producing them. This may be considered a limitation of a HLM method, but the Phase
2 metabolites can be converted to the Phase 1 metabolites using a hydrolysis process (either enzyme or alkaline) to address
thisissue. These metabolites may be used as biomarkers to indicate the presence or use of a SCRA within a human system.

Conclusion: This study successfully elucidated the metabolic pathways of several SCRAs with significant overlap in the
structures while investigating the influence of the head group on the resulting metabolites. The in vitro study has provided
good predictions for the metabolites, which were characterised by high-resolution LC-QToF-MS, which would be expected
to be observed in an in vivo model. These metabolites may indicate the use of a specific SCRA that can be differentiated
from the others in this study.

Analysis of over 250 novel synthetic opioids and xylazine by LC-MS-MS in blood and urine

Katie Diekhans, Jihau Yu, Megan C Farley, Luke N Rodda
San Francisco Office of the Chief Medical Examiner, San Francisco, USA

Background & Aims: Overdose deaths due to synthetic opioids in the USA have increased by over 1400% from 2014
to 2022. Although these deaths are primarily caused by fentanyl, novel synthetic opioids (NSO) have also contribu-
ted to this increase, although the extent may be underestimated due to exclusion from testing scopes.
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The goal of this qualitative method was to rectify this shortfall by including over 250 NSO for detection in blood and
urine in a rapid and efficient LC-MS/MS method.

Methods: The extraction was accomplished using a simple protein precipitation of 150 pL of matrix, followed by
size-exclusion particle filtration, followed by evaporation and reconstitution. Analytes were separated with an F5
column, and data acquired with a 12-minute MRM method. Data processing was automated and expedited using a
custom-built query.

The scope encompasses 261 analytes including fentanyl analogs (fentalogs). nitazenes, utopioids, and other syn-
thetic opioids. Since 59 of these analytes are non-separable isomers, they were grouped, resulting in 202 target
analytes or analyte groups.

The method was validated in accordance with ASB/ANSI Standard 036. Applicability was assessed using 27 profici-
ency test samples and reanalysis of all 2022 authentic accidental overdose cases.

Results & Discussion: Out of the 642 total accidental overdoses in 2022, 617 were available for reevaluation, with
421 cases positive for NSO, fentanyl and fentalog precursors and metabolites, utopiods, nitazenes, xylazine, and
opium compounds. Out of these, over 10% were previously undetected, indicating a new trend in San Francisco:
45 cases positive for fluorofentanyl, and 15 positive for xylazine. The ability to detect these analytes has enabled
the cause and manner of death to be reassessed, resulting in more accurate findings and information for harm
mitigation efforts by public health policymakers.

Therise in NSO use necessitates the improvement of detection capabilities, however, the high potency of NSO as
well as the numerous isomers presents this as a challenge requiring both high sensitivity and high selectivity. The
attempt to avoid detection and circumnavigate illegality have also led to the production of more variety of NSO
over time, requiring an extensive scope. Previously published methods for NSO detection usually have scopes of
less than 40 analytes, while this method targets 261 analytes and encompasses multiple NSO classes, including
nitazenes, utopioids, and fentanyl and fentalog precursors and metabolites. Further, due to its increased prevalen-
ce, xylazine was also added and complimented contemporaneous NSO analysis.

Conclusion: To our best knowledge, this method is the most comprehensive NSO method published. Detection
limits were at or below those found in previous literature. The increased scope has allowed for more accurate case
findings and revealed trends in the community that were previously unknown, thus allowing stakeholders to deve-
lop better-targeted policies in response to the opioid overdose problem.

Deaths involving novel benzodiazepines in Victoria, Australia

Olaf H. Drummer'?, Samantha Joubert', Matthew Di Rago'?, Jared W. Castle'?, Kerryn Crump’, Linda Glowacki'?,
Dimitri Gerostamoulos'?
Wictorian Institute of Forensic Medicine, Southbank, Australia. ’Monash University, Southbank, Australia

Background & Aims: Novel benzodiazepines (NBz) are a class of New Psychoactive Substance (NPS) with increasing
prevalence in recent years. Currently, 35 different NBz are monitored by the EMCDDA through the EU NPS Early
Warning System at June 2023. Most of these NBz have largely unknown pharmacological and toxicological profiles;
although many have high potencies increasing the risk of adverse health outcomes, with many linked to fatalities.
Additionally, NBz are increasingly supplied in counterfeit medicines and may contain little to none of the adverti-
sed drug, further contributing to risk of harm.

In this presentation, deaths reported to the Victorian Coroners court where a NBz was detected were reviewed to
determine the extent of their prevalence and possible contribution to the deaths as well as trends in their changing
availability in the community.

Methods: NBZ positive cases were identified by interrogation of the Victorian Institute of Forensic Medicine (VIFM)
case management system for the 5-year period between from 2018 to 2022. Data obtained included relevant con-
text of the case (circumstances), toxicology report and medico-legal death investigation (pathology) reports, age,
sex and the reported cause of death. All cases were subject to a full toxicological screen that included a compre-
hensive LC-MS/MS screen.

Results & Discussion: In total 133 cases contained at least one NBz with nearly half (65 cases) containing more than
one NBz. Overall, 11 different NBz were detected, including etizolam (n=82), flualprazolam (n=43), clonazolam or
8-aminoclonazolam (n=30), bromazolam (n=15), clobromazolam (n=13), phenazepam (n=13), flubromazolam (n=12),
flubromazepam (n=8), desalkylflurazepam (n=6), diclazepam (n=2), and estazolam (n=1). Some cases contained up to
7 different NBz. Concentrations of NBz varied, with the high potency NBz clonazolam found at lower concentrations
(0.3 - 3.4ng/mL, median 1.0 ng/mL) compared to less potent NBz such as etizolam (0.05 - 288 ng/mL, median 13 ng/mL).
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Detections were transient over the 5-year period with early cases comprising of mostly etizolam, while the latest
were more likely to contain bromazolam, clonazolam, clobromazolam, flubromazepam and phenazepam. In at least
27 cases, the deceased was described taking ‘alprazolam’ or ‘Xanax’ but alprazolam was not detected in 21 of these
cases. Of the 133 deaths, 95 were considered drug-related, with at least one additional CNS depressant also present
capable of contributing to death, with or without contribution of natural disease. However, no deaths were attribu-
ted to the toxicity of NBz alone. Of the 95 drug-related deaths, 75 were male with one-third aged less than 40 years.
Other CNS depressant drugs commonly detected along with NBz were additional benzodiazepines legally available in
Australia (97 cases), while the heroin metabolite 6-acetylmorphine was found in 23 cases, as well as methadone (20
cases), oxycodone (13 cases) and alcohol (32 cases).

Conclusion: This presentation demonstrates the changing diversity of NBz supplied in the Australian community and the
importance of maintaining up-to-date analytical methods to ensure detection of new compounds distributed in the drug
supply network. While there were no deaths related to intoxications with a NBz alone, their use with other CNS depres-
sants has contributed to many deaths in recent years. This study highlights the risks to users associated with counterfeit
or unapproved medications, particularly in combination with other drugs that produce CNS depressant effects.

HHC and derivatives - method development for analysis of semi-synthetic cannabinoids
and their metabolites and its application to routine samples

Marica Hundertmark', Laura Besch?, Jérg Rohrich', Cora Wunder!

'Department of Forensic Toxicology, Institute of Legal Medicine, University Medical Center Mainz, Mainz, Germany.
2Forensic Science Institute, Dez.33 Chemistry/Toxicology, State Office of Criminal Investigation Rhineland-Palati-
nate, Mainz, Germany

Background & Aims: Semi-synthetic cannabinoids (SSC) refer to a group of compounds that can be produced from
natural cannabinoids using simple chemical processes. In particular, hexahydrocannabinol (HHC) has spread ra-
pidly in alarge number of countries. Due to growing efforts to ban HHC, derivatives are also increasingly appearing.
Additionally, A8-THC, known as the precursor of HHC, occurs repeatedly - typically in combination with A9-THC or
in smaller amounts as a synthesis impurity of HHC.

The objective was to develop a comprehensive method for the simultaneous detection of HHC-diastereomers

as wellas A9-THC and A8-THC including their corresponding hydroxy- and carboxy-metabolites. This analytical
framework was continuously extended by additional SSCs found in seized material to be able to qualitatively detect
these - and whenever possible also their metabolites - in blood samples. The method is constantly applied to routi-
ne samples to gather prevalence data.

Methods: Chromatography was performed using a 1290 Infinity Il LC system, coupled via Jet Stream interface (ESI)
to a 6495C triple quadrupole mass spectrometer from Agilent. Various columns (including a C18-, a phenyl-hexyl-,
a biphenyl, a fluorophenyl- and a chiral column) were tested in combination with different mobile phases.

The blood samples were pre-selected using THC routine-workflows: Samples with a positive immunochemis-

try result for THC or a positive urine-testing for THC by the police were qualitatively screened for the presence

of HHC within the confirmatory chromatographic analysis for A9-THC. In case of a positive result for HHC, the
samples were re-measured and quantified using the developed method. So far, 94 samples from a period between
10/2023-02/2024 were tested positive for HHC. In addition, six samples that could not be quantified using the
routine-method due to the interference with A8-THC were re-measured. The collective is continuously updated
with data from further cases.

53 SSC-containing seizures were obtained from the Rhineland-Palatinate State Criminal Police Office in a period
09/2023-02/2024, including cannabis flowers, hashish, vape liquids and edibles. For identification of SSC-deri-
vatives beyond HHC, samples were analysed using different modes of mass spectrometry (initial MS2 scan followed
by a product ion scan).

Results & Discussion: The C18- and the fluorophenyl-column with a step gradient and methanol as the organic
phase turn out to be the best analytical starting points for method development. The separation of hydroxy-me-
tabolites, including (R)- and (S)-HHC-OH, but especially A8-THC-OH and A9-THC-OH, was particularly challenging.
Here, the fluorophenyl-column showed superior selectivity. Isotopic interferences (e. g. high THC-concentrations
resp. its metabolites interfere with HHC and its metabolites) were another pitfall in method validation.

(R)-HHC-concentrations (LLOQ 0.5 ng/mL) in serum samples showed a median of 1.8 ng/mL (range 0.51-38 ng/mL,
n=94). The (S)-diastereomer was detected in consistently lower concentrations in about half of the samples, with
amedian of 1.1 ng/mL (range 0.51-9.2 ng/mL, n=52). The (R)/(S)-ratios had a median of 3.4 (range 1.5-9.0). The
median concentrations of 11-hydroxy-metabolites (LLOQ 0.5 ng/mL) were 0.95 ng/mL (range 0.51-5.0 ng/mL, n=54)
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for (R)-OH-HHC and 0.78 ng/mL (range 0.55-1.3 ng/mL, n=13) for (S)-OH-HHC, those of 11-carboxy-metabolite
(LLOQ 2.5) were 41 ng/mL (range 5.0-611 ng/mL, n=94) for (R)-COOH-HHC and 3.0 ng/mL (range 2.7-3.4, n=21) for
(S)-COOH-HHC. The median (R)/(S)-ratio of the HHC-hydroxy-metabolites was 3.3 (range 1.5-5.5), which is identi-
cal to that of the parent compound, while the ratio of the carboxy-metabolites, at a median of 18 (range 1.9-114),

is greatly increased. In about half of the samples HHC and A9-THC (median 2.4 ng/mL, range 0.5-62 ng/mL, n=52,
LLOQ 0.5 ng/mL) were detected in parallel. A9-THC-COOH was even detected in 66 % of the samples (median 13 ng/
mL, range 2.5-351 ng/mL, LLOQ 2.5 ng/mL). A8-THC-COOH was only present in 26 % of the samples in low concen-
trations (< 7.2 ng/mL) suggesting the uptake of HHC-containing products with low amounts of A8-THC as synthesis
impurity. In the 6 samples with detection of A8-THC (range 0.6-4.7), A9-THC (range 2.6-8.8 ng/mL) was consistently
found in higher concentrations.

Other derivatives besides HHC, including H4CBD, HHCP, HHCP-Acetate, A8-THCP, A8-THCP-Acetate, A9-THCP, A9-
THCP-Acetate, HHC-Acetate and CBN-Acetate, were detected in similar percentages in seizures (26 %) and blood
samples (21 %). Evidence for hydroxy- and carboxy-metabolites of THCP and HHCP was found in blood samples
suggesting an analogous metabolism to their pentyl-homologs. In addition, metabolic deacetylation of acetates was
proven in blood samples.

Conclusion: The method enables the detection of both diastereomers of HHC, A9-THC and A8-THC including their
metabolites. To the best of the authors’ knowledge, there is currently no published method that can reliably sepa-
rate the hydroxy-metabolites of A8-THC and A9-THC.

SSC-derivatives as well as some of their metabolites could be detected at least qualitatively, because not every
reference substance is commercially available so far. The parallel analysis of seizures and blood samples is a good
way of reacting quickly to newly emerging SSC-derivatives and adapting the analysis accordingly.

Oral fluid insights: Unveiling trends inillicit substance consumption and new psychoactive
substances at Brazilian festivals through oral fluid analysis

José Luiz Costa'?, Aline F. Martins?®, Nathaly C. B. F. dos Santos??, Marcela de Oliveira Soares?3, Bruna S. D. de Oli-
veira?3, Paula Christiane Soubhia??, Rafael Lanaro??

'Faculty of Pharmaceutical Sciences, Universidade Estadual de (UNICAMP), Campinas-SP, Brazil. 2Campinas Poison
Control Center, School of Medical Sciences, Universidade Estadual de Campinas (UNICAMP), Campinas-SP, Brazil.
3School of Medical Sciences, Universidade Estadual de Campinas (UNICAMP), Campinas-SP, Brazil

Background & Aims: The new psychoactive substances (NPS) encompass a diverse range of chemical compounds
designed to produce psychoactive effects like traditional illicit drugs. Monitoring NPS involves a multifaceted
approach encompassing surveillance, data collection, analysis, and dissemination of information to stakeholders
atvarious levels. By aggregating and analyzing data from diverse sources, public health authorities can identify
emerging threats, assess the prevalence and impact of NPS, and adjust interventions accordingly. One source of
information is the monitoring of psychoactive substances at electronic parties and festivals. Drug use at parties

is a phenomenon that has been prevalent in various social settings for decades. Parties, gatherings characterized
by music, dancing, and socializing, often provide an environment where individuals may be inclined to experiment
with substances. One of the primary reasons people use drugs in this context is to enhance their overall experien-
ce. However, it is essential to recognize that drug use at parties comes with inherent risks. Mixing substances, con-
suming unknown or adulterated drugs, and excessive use can lead to a range of adverse effects. One major concern
regarding NPS is the lack of research on their long-term effects on human health. Many of these substances have
not been tested in humans, and their potential risks are largely unknown. Additionally, due to the clandestine na-
ture of their production, the quality and composition of these substances can vary significantly, further increasing
risks for users. The objective of this study was to identify the consumption of illicit substances, including NPS in
Brazil through the analysis of oral fluid (OF) samples collected at parties and electronic music festivals during 2023.

Methods: The OF samples were collected using the Quantisal device, at 8 different events from September 2023 to
December 2023. Volunteers were 218 years old, received information about the research objectives, completed

an anonymous and confidential questionnaire, and sample collection was performed according to the manufactu-
rer’s instructions. Six questions documented the age, gender, sexual orientation, education, estimated time of last
consumption of any illicit psychoactive sub