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Mass Spectrometry is Everywhere
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Finding the Needle in the Haystack
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Finding the Needle in the Haystack

.... IS pretty easy:

use a big magnet ...

.... or simply burn it down!
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Finding the Needle in the Haystack

.... is pretty difficult
(in forensic toxicology)

blood/urine
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Finding the Needle in the Haystack

.... is pretty difficult
(in forensic toxicology)

hair

T

(rotten) tissues

oral fluid

blood/urine
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Finding the Needle in the Haystack

.... is pretty difficult
(in forensic toxicology)

hair

exhaled air
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Finding the Needle in the Haystack

Holy Grail in Forensic Toxicology:

General Unknown Analysis (GUA)
or
Systematic Toxicological Analysis (STA)
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LC- MS Screenings in Forensic Toxicology
|

LC- MS/MS Screening
Targeted Approach

Multiple Reaction Monitoring
Q, window = 0.2-1 Da
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LC- MS Screenings in Forensic Toxicology

LC- MS/MS Screening

|
Targeted Approach
Multiple Reaction Monitoring
Q, window = 0.2-1 Da

Not a general unknown screening
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LC- MS Screenings in Forensic Toxicology

LC- MS/MS Screening

Targeted Approach
Multiple Reaction Monitoring
Q, window = 0.2-1 Da

Untargeted Approach
Fullscan, MSALL
Q,window = total transmission

T
TinnE

Information Dependent
Acquisition (IDA)
Q, window = 0.2-1 Da
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LC- MS Screenings in Forensic Toxicology

LC- MS/MS Screening

Targeted Approach Untargeted Approach
Multiple Reaction Monitoring Fullscan, MSALL
Q, window = 0.2-1 Da Q,window = total transmission
‘ ‘ Kok
e
I
I I

Information Dependent Sequential Window Acquisition of

Acquisition (IDA) all Theoretical lons (SWATH)

Q, window = 0.2-1 Da Q,window = 20 Da

\ MR
I T i
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LC- MS Screenings in Forensic Toxicology

LC- MS/MS Screening

Targeted Approach Untargeted Approach
Multiple Reaction Monitoring Fullscan, MSALL
Q, window = 0.2-1 Da Q,window = total transmission
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Information Dependent Sequential Window Acquisition of

Acquisition (IDA) all Theoretical lons (SWATH)

Q, window = 0.2-1 Da Q,window = 20 Da
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Sequential Window Acquisition of All Theoretical lons

100 310.2152
274.1820 372.1552
=
D
7
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S 219.1912 Survey scan
169.1264 m/z 100-650 |
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m/z

Q, full trans- v e 4
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Sequential Window Acquisition of All Theoretical lons

(SWATH)
100 310.2152
274.1820 372.1552

Z 577.3357
A 219.1912

169.1264 :

Q1 Isolation Strategy (20 Da each)
I
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Sequential Window Acquisition of All Theoretical lons

(SWATH)

>

100 jg=———> 20 Da 310.2152

% 274.1820 372.1552
e I
>
wn
Z “—> 577.3357
R >
X 219.1912 “—>

169.1264 E Eé_)

| |
150 200 250 300 350 400 450 500 550 600 650
m/z
155.0860 176.0823
372.1552
219.1912
265.1600
80.0502 105.0325 433.2592
145.0862
123_090500'1780 183.0808 274.1814 2191167 1 310.2164 133.0762 aranare| 577.3371
|| I| || | 237.1133 I |
100 200 300 100 200 300 100 200 300 100 200I 300 100 300 500 500
m/z m/z m/z m/z m/z
EB Tilidine Methadone EB Oleandrine


Выступающий
Заметки для презентации
Massenbereichsfenster
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Sequential Window Acquisition of All Theoretical lons
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Выступающий
Заметки для презентации
Massenbereichsfenster
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Sequential Window Acquisition of All Theoretical lons

>
100 j¢e—> 310.2152 : —
% 5 y74 1820 N Cycle time =1.2s
I EH AR
>
Z —> 577.3357
8 219.1912 S <—)a
169.1264 S >
| | N
150 200 250 300 350 400 450 500 550 600 650
m/z
100% |
5
5]
2
<
g
£ T


Выступающий
Заметки для презентации
Massenbereichsfenster
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Sequential Window Acquisition of All Theoretical lons
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Выступающий
Заметки для презентации
Massenbereichsfenster
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Sequential Window Acquisition of All Theoretical lons

(SWATH)
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Выступающий
Заметки для презентации
Massenbereichsfenster


University of
Zurich™

Zurich Institute of Forensic Medicine

SWATH Application
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Выступающий
Заметки для презентации
Authentischer Fall mit vielen Peaks-> darunter dann TOF scan und MS/MS
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SWATH Application
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Выступающий
Заметки для презентации
Authentischer Fall mit vielen Peaks-> darunter dann TOF scan und MS/MS
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SWATH Application
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Выступающий
Заметки для презентации
Authentischer Fall mit vielen Peaks-> darunter dann TOF scan und MS/MS
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Library Match Quality
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Выступающий
Заметки для презентации
Vielleicht hier PeakView Darstellung mit Ampel

Vlaues to characterize spectral similarity
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Variable windows in SWATH MS/MS
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Выступающий
Заметки для презентации
Massenbereichsfenster
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Multiplexed windows in SWATH MS/MS
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Выступающий
Заметки для презентации
Massenbereichsfenster
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Multiplexed windows in SWATH MS/MS
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Выступающий
Заметки для презентации
Massenbereichsfenster
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SWATH vs. IDA Acquisition

100 Information Dependent Acquisition
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Выступающий
Заметки для презентации
Despite enough intensity no MSMS is being triggered, full MS scan
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SWATH vs. IDA Acquisition
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Выступающий
Заметки для презентации
Despite enough intensity no MSMS is being triggered, full MS scan
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SWATH vs. IDA Acquisition

samples
HPLC
SWATH
TOF MS 100 ms
DA 75ms TOF MS 50 ms
MS exclusion time: 6s SWATH 40 ms
settings min. intensity: 100 cps

iIsotope exclusion: off SWATH width: 20 Da

7 IDA experiments
10 IDA experiments
20 IDA experiments
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SWATH vs. IDA Acquisition

coeluting analytes
n=16

IDA
Acquisition
10 Experiments

IDA
Acquisition
20 Experiments

SWATH
Acquisition

n=6

n=20

 identified

B not identified


Выступающий
Заметки для презентации
Practically no problems were detected in SWATH
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SWATH vs. IDA Acquisition - 382 Authentic Cases

Sample Preparation

200 uL whole blood

600 L ice cold ACN

evaporate to dryness

reconstitute in 50 yL eluents (50:50; V/V) V' 4

UHPLC with Synergy Polar RP ) Oe‘j

TripleTOF 5600 (ESI+) in SWATH ) ﬁ/



Выступающий
Заметки для презентации
Spezifischere Methoden; Screeningfähige Methode 


2 832 University of
- Zurich™

Zurich Institute of Forensic Medicine

SWATH vs. IDA Acquisition-382 Authentic Cases

83% 90% 98%

100%
1200

1000 -

800 -

600 -

400 -

Number of detected substamces

200 -

MRM IDA SWATH

Acquisition Method

~10% of relevant MS/MS spectra were missed by IDA
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Conclusions
» SWATH closest to an ideal screening

MSALL with SWATH acquisition

e no considerations about instrument settings
« SWATH detected most analytes

» all sample information in one data file
-> QUAN accurate and reproducible

-> QUAL targeted and untargeted screening
e post run experiments of the data file (neutral loss, mass defect filter etc.)

« Combines advantages of untargeted screening with targeted data
extraction

Roemmelt, Steuer, Poetzsch, Kraemer: Anal Chem. 2014, 86(23):11742-9
Roemmelt, Steuer, Kraemer: Anal.Chem. 2015, 87(18), 9294-9301


Выступающий
Заметки для презентации
No a priori 
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Postmortem Toxicology:
A Very Special Problem in Forensic Toxicology

How to measure concentrations?

« e.g. rotten blood or tissues
huge concentration differences
Huge dynamic range necessary

Interpretation of measured concentrations?
« Data usually from the living

« Postmortem degradation and formation
« Postmortem redistribution
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Postmortem redistribution — To date

:‘ » Chemical properties
l" '; » Central/peripheral
| '-. concentration ratios

* Animal experiments

\ | « Human data
I o 2-3time points
L * blood
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Aims
Alternative matrices
'.  Organs

| e Tissues

» Body fluids

|  Time-dependence
o 2 time points

| )

Zurich cantonal ethical committee approval no. 42-2005
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Standard workflow in postmortem cases

{Admission J
_4>£CT-Imaging}
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Standard workflow in postmortem cases

{Admission}
_4>£CT-Imaging} 1. Sampling time-point
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Standard workflow in postmortem cases

{Admission}
_4>£CT-Imaging} 1. Sampling time-point

~24 hours

;>[ Autopsy J 2. Sampling time-point



Выступающий
Заметки для презентации
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Virtobot system
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Biopsy tool
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Biopsy sampling
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Biopsy sampling

20 mg per biopsy
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Challenges

Large
Small samples Analytes not Various concentration
(~20 mg per predictable matrices differences
biopsy) between matrices
Y, / J
Sensitive Sufficient for Multi-analyte How to Wide dynamic
method only one method needed calibrate? range needed

necessary analysis
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83 Analytes tramadol
fentanyl
| oxymorphone — lethadone
Filpampefof'e dihydrocodeine |, hine
norclozapine monoacetylmorphine  eddp
‘ : hydromorphone
risperidone ChlqrprOthléﬁgnespe;idone COdelne d)e/smethyltramadol
perazine amlsulprlde promazine hydrocodone pethidine
haloperidol , levomepromaz vt oxycodone
quetiapineClozaplne BN MDEA cocaine
fl e o tp)hgtnz_oylecgomrgg |
metham amine " ctamine
upentixo amphetamine
ecgonine methyl ester
- ﬂUfaZ@Pan’éxazepam MDMAmﬁﬁj&ylpmzme norclomipramine
aminoclonazepam hydroxybupropion
nordazepam bromazepam zolpidem . duloxetine amitriptylinsee;t;f;:;fme
. desalkylflurazepam midazolam citalopram olanzapine  trimipramine
B alpraz%lam nitrazepam doepine  agomelatine noiﬂLil:oxe.tine
hydroxyethylflurazepam Tlunitrazepam S : - venlaltaxine
Clonazepam hydroxymid[a)zolam ﬂrlslgt);;tlxpril:e nOrtnptylll;i]e%methylvenlafaxine
zopiclone ., aminoflunitrazepam opipramol bUpropion tr;nzwi%grl:éne
diazepam clomipramine

temazepam
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Sample preparation

¢ 20 mg tissue
20 ul body fluid

EtAc/BuAc 1.1 atpH 7.4

Neutral
extraction

. EtAc/BuAc 1:1 at pH 13
Alkaline

extraction

Column: Phenomenex Synergi Polar-RP
LC: Thermo Fischer Ultimate 3000 UHPLC
MS: ABSciex 5500 QTrap linear ion trap




| Developed for biopsies of 20 mg or 20 pl body fluid
« 83 analytes
11 matrices
« Validated |
5 | |
\‘
2 |
f |
|
\ I |
| |
Il
|| o
| | o
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| | ﬂL il
0.0 ’ ‘(\ ‘ “ /\ ‘ A /“‘\L :
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LC-MS/MS method

Time, min

Staeheli S.N., Poetzsch M., Kraemer T., Steuer A.E., Anal. Bioanal. Chem. (accepted for publication)
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Advanced scheduled MRM method
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Challenge: concentration differences

eS
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o
g
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What if dynamic range of your MS is insufficient?

45 -

N N w w B
o ol o ol o
1 1 1

Area/IS area

[y
(&)}
I

10 -

0 5000 10000 15000 20000
Conc. ng/ml or ng/g
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Solution: 13C isotope as quantifier

411.2

100

Risperidone

Intensity, %

13C isotope

0.0 410 412 414 416

m/z, Da
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Solution: 3C isotope as quantifier

411.2

100 eb

Risperidone

MRM 1: 411.2 / 110.0
MRM 2: 411.2/191.2

Intensity, %
Intensity, cps

13C jsotope |
MRM 3: 412.2/111.0

0.0 0.0

410 412 414 416 92 94 96 98 100 102 104
m/z, Da Time, min
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Problem solved! Extremely wide calibration range

14 QC 13C

12 -

[any
o
I

(o]
1

Area/IS Area

1 2 3 4 5 6 7 8 9 10 11 12 13
\ Calibrator \ , }

\ -
guantifier = MRM 1 guantifier = MRM 3
= 13C isotope of MRM 1
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Validation

Intra-day imprecision < 20 %

- CSF

e Urine

Muscle o Liver
Kidney * Adipose tissue
Spleen * Brain

Lung
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Conclusion: Postmortem Biopsy-Project

Small samples

(~20 mg per
biopsy)

Sufficient for
only one
analysis

Sensitive
method
necessary

Analytes not
predictable

Multi-analyte
method needed

Low Unspecific

therapeutic
concentrations

sample
preparation

83 analytes

Various matrices

How to
calibrate?

Solvent
calibration

Large
concentration
differences
between matrices

wide dynamic
range needed

13C isotope as
quantifier



A picture
IS worth a
thousand

words ...

... but it uses up three
thousand times the memory
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Imaging? That’s old hat in forensics!

The Virtopsy® approach:

» 3D photogrammetry-based
optical surface scanning

Computed tomography (CT) and
magnetic resonance imaging
(MR1)

e Postmortem biopsy

e Postmortem angiography
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Imaging? That's old hat in forensics!

The Virtopsy® approach:

e 3D photogrammetry-based
optical surface scanning

eComputed tomography (CT) and
magnetic resonance imaging
(MR1)

e Postmortem angiography

e Postmortem biopsy
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Imaging? That’s old hat in forensics!

The Virtopsy® approach:

e 3D photogrammetry-based
optical surface scanning

Computed tomography (CT) and
magnetic resonance imaging
(MRI)

e Postmortem angiography

e Postmortem biopsy
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Imaging? MALDI mass spectrometric imaging

www.VanderbiltHealth.com
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Toxicological Analysis in Postmortem Tissue Samples

Sample preparation:
e tedious
e time consuming

e unpleasant

GC/LC-MS Analysis
e strong matrix signals
e time consuming

e unpleasant

= Better solutions?
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Sample Preparation for MALDI-MS Imaging

deep freezing Cryosectioning (12 pm) transfer to plate

a-cyano-4-hydroxy-
cinnamic acid (CHCA)

N
_ N o
: HO /' “oH

matrix coating

MALDI-MS
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MALDI-MSI Data Acquisition

j Data Acquisition:

» MRM mode
MALDI-QOgQ: » Spectra (EPI; for confirmation)
AB Sciex
Flash Quant Workstation 4000 Qtrap . high
T |
3
Ja\ M_A low

8.250 8.265 time {min)
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Post Mortem Drug Distribution in Kidney Sections

Using MALDI-MSI

sectlonlng

Interlobar a, v

3 e - Major Caylx
‘Renal — Z B
Column ™ Miner
Calyces
Medulla ~~
(Renal Pyramid)

Fibrous 7
Capsule o
Cortex

B 2011 madicalartlihrary con
— e
" . X .
= s g
¢ 3
1 o

Cortex

Medulla

high

Medulla
Cortex

Zolpidem EII/Ol image overlay

I Zalpidem Prec(202.07 CEC2S... Max 3.2e5 cps

3zeS 081
= | 2352
E H
= 2631
l:ll:lrl ; T I T T II T T T T
220 230 240 260 2680 270 220 290 300
miz, Da

EPI Spectrum from positive areas
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Zebrafish as Toxicity Test System

Organisation for Economic Co-
operation and Development (OECD) ofic capsule

@)OECD @

BETTER POLICIES FOR BETTER LIVES B or Yot Yok

muscles pigment

brain

..

|
g" -

—T i

OECD GUIDELINE FOR THE TESTING OF CHEMICALS
Fish Embrvo Acute Aguatic Toxicity (FET) Test



Выступающий
Заметки для презентации



Organisation for Economic Co-operation and Development (OECD)
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New Psychoactive Substances (NPS) Spice and RCs

Bath salts, Research-Chemicals

Spice group
(synthetic cannabinoids)
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Forebrain

Midbrain

Hindbrain

H & E stained and overlaid coronal H & E stained transverse
section (A, B) and sagittal section (C, D) sections
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Other Matrices?

fine

medium

828@8@15

thick

Hair: 40 — 120 pm
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Incorporation and Time Schedule

~N .
Hair
@n
Scalp o<
—llllIL % I NN
AO— Hair root
Incorporation into the hair 10 days later Weeks later

root, fixation
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MALDI-MSI Sample Preparation

« washing hair samples (SINGLE HAIR 1)

« transfer to steel-MALDI plate
fixation with double adhesive tape

« manual MALDI-matrix application (a-CHCA)

« data acquisition
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MALDI-MSI Data Acquisition

Data Acquisition:

» MRM mode
MALDI-OgO: » Spectra (EPI)

AB Sciex
Flash Quant Workstation 4000 Qtrap

Laser

$100 um segments

analyt'cal Anal. Chem., 2011, 83 (11), 4266
cllemistry

pubs acs.org/ac

Single Hair Cocaine Consumption Monitoring by
Mass Spectrometric Imaging

t NP g y .- roros - . '
Titfany Porta,” Chantal Grivet,’ Thomas Kraemer," Emmanuel Varesio," and Gérard Hopfgartner ™
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MALDI-MSI Data Acquisition

Ny » MRM mode
7 > Spectra (EPI)

l high
1500 = 'r

AB Sciex
Flash Quant Workstation 4000 Qtrap

Intensity [cps)

@ N\ M A low

8.250 8.265  time (min)

Poetzsch et al. Anal. Chem. 2014






Intensity (cps)
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low
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MALDI-MSI: DOA Screening in Single Hair

root

Poetzsch, Steuer, Baumgartner, Kraemer . Anal. Chem. 2014, 86:11758-11765.
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MALDI-MSI: DOA Screening in Single Hair

high
. .. EPlscan =~
tip N~ 308.2
9% | H, :
/N 90% 1
85% 7
80% 1
> 235
o Zolpidem
65%
— 60% 1
3 55 1
‘9’ 50% 1
% 45% 1
[ 40% 1
()
g ]
30% 7
25% 119
20% 263
15% 1 o
library search
5%
b
60 0 100 120 140 160 180 200 220 240 260 280 300

miz. amu

root

low Poetzsch, Steuer, Baumgartner, Kraemer . Anal. Chem. 2014, 86:11758-11765.
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MALDI-MSI: DOA Screening in Single Hair

tip EPI scan
N
Analyte LOD (pg/mqg)
Cocaine 1100
NCOC/BEC
Methadone 850
EDDP
MDMA 1000
Tilidine 1000
Zolpidem 270
root

Poetzsch, Steuer, Baumgartner, Kraemer . Anal. Chem. 2014, 86:11758-11765.
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Imaging of Tilidine in Hair in a Forensic Case

root Munchhausen by proxy

A _;xﬁ

> tilidine identified over whole hair

Intensity (cps)

» no indication for
single / multiple application

v » no pattern in single hair
ti
P Poetzsch, Baumgartner, Steuer, Kraemer (2015): Drug Test.Anal., 7:143-149.

low


Выступающий
Заметки для презентации
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MALDI-MS High Throughput Quantification

MALDI-QgQ:

r
Camera

AB Sciex
Flash Quant Workstation 4000 Qtrap

12 3 4 5 6 7 8 9 10 11 12

~@00000000000
s Q00000000000
cQ00000000000
Q00000000000
E000000000000
FOO0000000000
Q00000000000
HQO0@OO0O0O000000

stainless steel 96/384 well plate ¥
0

Poetzsch, Steuer, Kraemer (2015): Drug Test.Anal., doi: 10.1002/dta.1810

Data Acquisition:

» MRM Mode

» 3 Seconds per well

» 384 measurements in 20 min!

» Vs. LC-MS 1 measurement /20 min

—_—

r
Data

TIC: of MEM - Postlive lan

Aim point heighl:

i m 0 —
01 02 03 04 03 il 07 08

FIng mavemert e
; 3 Tire, min

tf
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Dactyloscopy
.... IS pretty easy:

Sherlock Holmes could do it ...
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Dactyloscopy
.... IS pretty easy:

there is an app for that ...

/ =
@
T
TS 9:41 AM 100% -

£ Fingerprints

Success

Touch ID is ready. Your print can be
used for unlocking your iPhone.

o
=

=

Continue

—
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MALDI-MSI in Dactyloscopy

high

T e MR ¢ 1500 -+ "

IS AR OO
A ENY L A0

\\}

Intensity [cps)

A\ M A
8.250 8.265 time (min) low

» Imaging of endogenous substances

Thanks to Beat Keller and the
» Imaging and identification of contaminants Forensisches Institut Ziirich

Eine Organisation von Kantonspolizei und Stadtpolizei Zurich
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Substance Specific Isolation of Finger Marks

Overlapping
Fingermarks
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Substance Specific Isolation of Finger Marks

Overlapping
Fingermarks

Substance Specific
MRM Transitions
(Zolpidem)
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Substance Specific Isolation of Finger Marks

A

I

. Isolation of
Overlapping substance
Fingermarks specific
transition
v

Substance Specific
MRM Transitions
(Zolpidem)

B/W conversion
database search
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Substance Specific Isolation of Finger Marks

F

_ Isolation of
Overlapping substance
Fingermarks specific

transition

B/W conversion

Substance Specific
database search

MRM Transitions
(Zolpidem)
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Detection of Drugs/Medicaments in Exhaled Air

SensAbues breathtest

(-

test is complete
after 20 breaths
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Drugs of Abuse Breath Testing

« Dionex UHPLC, Kinetex® PFP column
* AB Sciex 5500, 3 MRMs

N
20 yl deuterated standard solution on
filter
J
N\
* preconditioning with 2 ml MeOH,
extraction 5 ml MeOH
J
)
* adding 20 pl formic acid
* evaporation to dryness 40 °C, N,
J
N\
* reconstitution in eluents
J
)

2800

sdo ‘Alisuaiu|

"XIC of +MRM (12 pairs): 194.075/163.100 Da

Max. 2840.0 cps.

MDMAt=3h

Time, min
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%[

DOA Breath Testing

"XIC of +MRM (12 pairs): 194.075/163.100 Da

2800
Max. 2840.0 cps.
S
g
, MDMAt=3h
<
2
o
)

Stop breathing! sl
Or they might catch you ...

Time, min
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Mass Spectrometry is Everywhere
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Working group FPT, Zurich

Beat Keller from
Forensisches Institut Ziirich

Eine Organisation von Kantonspolizei und Stadtpolizei Zirich

Olof Beck

Thanks to:

¥

Gérard Hopfgartner Emmanuel Varesio Tiffany Porta

Ecole de Pharmacie

EPGL

Genéve = Lausanne

Matthias Liechti
Working group
Clinical Pharmacology

;s‘_‘ Universitatsspital
7|1 |Basel

eawagﬁﬂc

aquatic research

3. »

e
Wy
o

/1

Kristin Schirmer Ksenia Groh

and to all criminals who make sure that we have all the interesting cases !
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