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Answers for Science.
Knowledge for Life.™

Advancing your Forensic Toxicology Analyses;
Adopting the Latest in Mass Spectrometry Innovations



Separate / differentiate analytes

Goal of analytical —
from other components

chemistry

Other components

Analyte
Most of the sample

Masks the analyte
Highly selective tools are
required to filter out the
other components
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Mass Spectrometry

By measuring the mass of the analytes, mass spectrometers
provide enhanced selectivity over other types of detectors.

0“9299“ o2 0000000
=T

Detector

Quadrupole MS systems are
mass filters. Only the ion of
interest is allowed to reach the
detector

A mass spectrometer is
essentially a “molecular scale”
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Single Quadrupole (MS) Triple Quadrupole (MS/MS)

* Lower selectivity * Excellent selectivity
* Many interferences * Few Iinterferences
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Intensity, cps

Intensity, cps

MS/MS provides far superior selectivity, therefore fewer interferences,
because fragmentation patterns are so specific to each parent ion.
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Key Features of AB SCIEX LC-MS/MS Systems
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AB SCIEX Triple Quad™

System » QTRAP® system ——— TripleTOF® system
— Quantitation — Quantitation — Quantitation
— ID with MRM ratio — ID with MRM — ID with accurate
ratio mass
— ID with MS/MS — ID with MS/MS
library searching library searching

= ID true unknowns

— Retrospective data
processi

increasing confidence in compound ID
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Principle of Time-of-Flight (TOfF) Mass Spectrometry

lon packets are pulsed and accelerated into a TOF analyzer.

Separation of ions is based on the time to traverse the flight
tube, and arrive at the detector, on a nanosecond time scale.
Smaller m/z ions move faster than heavier m/z ions

Higher resolution is achieved with longer flight path (longer TOF
tubes, reflectors, faster acceleration).
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All data has been acquired using the AB SCIEX

TripleTOF® 5600* System

Accelerator TOF™
lon compression optics Analyzer

High
Frequency Q1

QO High Pressure Cell

40 GHz
Multichannel

QJet® lon

Guide

g T7DC Detector
30kHz Accelerator

LINAC®
collision cell

15 kV Acceleration

voltage
- S
NS=—=7Z "~ Two-stage
-2 reflectron

Hybrid quadrupole / time-of-flight (TOF)
mass spectrometer

Stable mass accuracy of
~1ppm RMS

Fully automated calibration
of MS and MS/MS

Resolution ~30,000
100 Hz acquisition rate

Linear dynamic range ~ 4
orders
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Why consider TOF technology for screening?

Greater specificity, with high-resolution measurements
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Why consider TOF technology for screening?
Greater specificity, with high-resolution measurements

b “Nominal mass” instrument measures signal from
G | / compounds in a wide mass range
"  High-Res / Accurate Mass” instrument measures
/signal from compounds in a narrow mass range!
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Why consider TOF technology for screening?

Greater specificity compared to Triple Quadrupole Mass
Spectrometers, with high-resolution measurements

A simple example:
4 different molecular formulae with nominal mass = 28 Da

N, = 2 X 14.0031 = 28.0061
CO = 12.0000 + 15.9949 =27.9949
C,H, = (2 X 12.0000) + (4 X 1.0078) = 28.0312
CH,N = 12.0000 + (2 X 1.0078) + 14.0031 | = 28.0187

T

Cannot be distinguished by a “nominal mass” instrument
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Why consider TOF technology for screening?

Greater specificity compared to Triple Quadrupole Mass
Spectrometers, with high-resolution measurements

Improved S/N with narrower XIC extraction windows
XIC Peak
Width (m/z)
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Why consider TOF technology for screening?

Greater specificity compared to Triple Quadrupole Mass
Spectrometers, with high-resolution measurements

Improved S/N with narrower XIC extraction windows

Possible to re-interrogate data for unanticipated compounds

1108 XIC (x5 mDa) for:
= Alprazolam
Benzoylecgonine
Buprenorphine
Carisoprodol
Clonazepam

Codeine
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Why consider TOF technology for screening?

Greater specificity compared to Triple Quadrupole Mass
Spectrometers, with high-resolution measurements

Improved S/N with narrower XIC extraction windows

Possible to re-interrogate data for unanticipated compounds

Same data.
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«  More extracted ion chromatograms.

XIC (x5 mDa) for:

Alprazolam
Benzoylecgonine
Buprenorphine
Carisoprodol
Clonazepam
Codeine
Diazepam
EDDP
Fentanyl
Flunitrazepam
Flurazepam

Hydrocodone
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The Million $3% Question(s):

Is TOF-MS sufficiently selective? Can we get away from MS/MS if
we use a high-resolution accurate mass system?

Why ask this question?

TOF-MS methods are extremely convenient, because they are
generic, and non-targeted

No method development is required for new compounds
It is possible to re-interrogate the data later, to look for other compounds

We know that high-resolution TOF-MS provides far better
selectivity than nominal mass (quadrupole) MS instrumentation

It is reasonable to wonder if the selectivity of TOF-MS is comparable to
MS/MS on a triple quadrupole
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Methods:
50+ compounds were spiked into authentic urine matrix
Analysis was performed using both TOF-MS and TOF-MS/MS

Extracted ion chromatograms (XICs) were generated using an extraction
window of =5mDa

Sample Prep:

Spiked urine was diluted 10x with mobile phase A, vortexed, centrifuged, and
injected directly onto the MS system

HPLC Conditions
Flow rate = 500uL/minute
Run-time = 6.5 minutes

Column = Phenomenex Kinetex C18, 50x3.0mm, 2.6um TripleTOF® 5600*
Mobile phase A = 10mM ammonium formate System
Mobile phase B = 1:1 methanol:acetonitrile

SCIEX



Using only TOF-MS, even with a small extraction mass range (+/- 5mDa),

there is still a possibility of observing interferences.

In spiked urine, many compounds display interferences within the RT window.
MS/MS is required for unambiguous ID (either XIC from MS/MS, or library

search)
OR...
Chromatographic separation is absolutely essential.
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* With TOF-MS, identification of compounds relies upon:
— (i) accurate mass measurements (within several ppm of theoretical value)
— (i) isotope patterns (matches the ‘expected’ pattern)

2870585
16000 -
Oxazepam
14000 - (C45H41;CIN,O,)
/ Theoretical mass = 287.0582
12000 - Appm = 1.0
= 10000 -
2L _
5 287.1029
= 2000 - I
5000 -
4000 + 288 0624
288 1056
2000 - 287 1907 '
|
D llh#“l’l I . L .
287.0 2875 2880

Mass/Charge, Da

Example: TOF-MS enables the separation of Oxazepam from an
interference having the same nominal mass.

SCIEX



* With TOF-MS, identification of compounds relies upon
— (i) accurate mass measurements (within several ppm of theoretical value)
— (i) isotope patterns (matches the ‘expected’ pattern)

Problem #1: Accurate mass Problem #2: Isotope patterns can
measurements can be distorted by co- be distorted by co-eluting (non-
eluting, isobaric compounds Isobaric!) compounds
100% - -
N 280 Theoretical m/z = 387.211 5o 333.2329
"1 sufentanil elutes at 2.60 min, however '\D";?;“_re_%gw;%?'l% o _
“@:1  itwas not identified by software! e . Fentanyl IZQtOIOe ;
70 | e pattern is _distorte
0 | 157 (‘\\‘G\ st by a( Ererence
50% m g 35 g‘a
E 30e4 se
40% 4 ," 2 5ot |
0% 4 ‘_ 2.0e4 \eb
20% 4 1.5e4 ?0 3352362
10% | 5:063 | 3372278
D‘}? /J K"“’\— D.De[.‘l..- : 1 R . Jl : YO -
25 10 3370 3375 3380 M:zighar;iaga 3395 3400 3405
Example 1. The measured mass for Sufentanil (RT=2.60 min), Example 2. The Fentanyl isotope pattern is
spiked into a urine sample, differed from the theoretical accurate distorted due to the presence of a co-
mass by -35 ppm, due to the presence of a co-eluting interference. eluting compound, at M+1.
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We conclude that...

TOF-MS alone is not sufficiently selective for definitive
compound ID in complex sample matrices.
Interferences are frequently observed in the high-resolution XICs

Distorted accurate mass measurements are observed, due to co-eluting
interferences

Distorted isotope patterns are common, due to co-eluting interferences

TOF-MS/MS provides ultra-selective XICs (MRMPR), that are
free from interferences.

TOF-MS/MS enables library searching of compound-specific

fragmentation patterns.
Does not rely solely on accurate mass measurements and isotope patterns
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TOF-MS/MS acquisition, with Scheduled MRMPR

TOF-MS is acquired continuously throughout the run

TOF-MS/MS scans are triggered at the appropriate RT window for each compound.

In this experiment, there are 14 TOF-MS/MS scans (accumulation = 50 msec), to
account for the maximum # of overlapping RT windows for 52 target compounds.

Experimental Method

TOF-MS (+)
Product ion (+) 328.2
Product ion (+) 300.2

Product ion (+) 286.1
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Software makes data interpretation easy
1. You tell the software what compounds to look for.

Arlde - shis - armul FAEEE® =
+ @ Diazepam, subrange t
E ‘AMM i AN 3 AN |
’ 02 04 06 0B 1‘0/% /\1'4 16 18 20 22 24 26 3 6D 62 B4
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Fragment

o ey Adduc  [int - Library
# |y ‘zv:/\sdji«; Formula |sotope  Mass (Da) H bid  Mass (0a) Width (Da] Mass (Da) RT (mir) RT (min) Library Hit 5
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C22H28N20 2016 +H 002 [ 1881442 35
A
(80 v vvvve C12H21NO3 29915214 +H [mise42  002 199.076 1 R
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C11H15NO2 19311028 +H 002 i 1050708 172
v
4 >

sample: | long, scheduled - spiked™

Bl t -virhe- e DAEEID Bk [pzhe waxm FAEEE® =
— @ Spectrum from long. scheduled- spiked urine_wiff (: le 1)- long....ed urine, Experiment 1. +TOF MS (100 - 1000) from 3.889to 3.924 min + |- ® Spectrumfrom long. scheduled- s piked urine__wiff (sample 1)- long.... - spiked urine, Experiment 14, +TOF MS"2 (30 - 1000) from 3.915 min +
@ C16H13CINZD +H - Precursor: 285.1 Da. CE35.0 CE=35 -
2850789 & @ Library Spectrum: Dizzepam (433-14-5) , CE=35:15 &
100%
1.0e5
=)
8.0e4 5 5% 2410524
= 2 154.0415 193.0886 222 1151 ‘ 257 0841
T goes z 910541 | 179,007 | | 1
= = 0% + g ek —-- 1 t T s
£ ipe 287 0758 ‘g [ 1
=
= -50%
9 0ed 236i321 = 50
288.0788
00etM \ : o . ; ‘ - 00—, : : . . — . . . ; .
285.0 2855 286.0 2865 287.0 287.5 2880 40 60 80 100 120 140 160 180 200 20 240 280
Mass/Charge, Dz Mass/Charge, Da
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Software makes data interpretation easy
2. The software automatically assesses / displays all the relevant criteria for compound ID

@rldet - vhie-aamild - TAEEE®
+ @ Diazepam, subrange

XICs of TOF-MS or

15000 TOF'MS/MS data
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Intensity
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78 C16H13CIN20 1 284.07164 +H 285.07892 0.02 154.0431  285.07886 in 392 500 Diazepam
» 79 C22H28N20 1 336.22016 +H 33722744 0.02 188.1442 | 337.22935 35 35 500 Fentanyl
80 Hydrocodone C18HZ1NO3 1 299.15214 +H 300.15542 0.02 199.076 | 300.15979 189 1.88 500
81 C12H17NO2 1 20712583 +H 208.1331 0.02 105.0708 | 208.13316 192 195 500
82 C11H15NO2 1 193.11028 +H 194.11756 0.02 105.0708 | 194.11734 172 174 500
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MS/MS library search
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1.0e5

o Isotope pattern review

6.0e4
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Intensity
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20e4
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MS/MSALL

“All truths are easy to
understand once they
are discovered; the
point Is to discover
them” — Galileo Galilel
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MS/MSALL

* Until we have all the information, we don’t even know what
guestions we should be asking!

-~ We have seen that targeted TOF-MS/MS provides the highest selectivity...
but one needs to know what to target.

* Ultimate Goal: Collect high-resolution MS/MS information on
every analyte in your sample (MS/MSALL).

Toxicologist’s Wishlist:

Generic method, non-targeted How to accomplish this???

/\ Maximum selectivity

Digital record of everything in
=l B your sample

o 2

2

Possibility to re-interrogate
the data later
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What is SWATH® acquisition?

It is the collection of MS/MS in a generic and comprehensive
fashion

Relies on Q1 to provide an additional level of selectivity
Wide Q1 isolation window is stepped across the mass range of interest
Assists in simplifying MS/MS spectra, and hence the interpretation

Filters endogenous precursors that could generate interfering fragment ions
= =
Regular MS/MS SWATH MS/MS

oo

o 2
o
Sl o (10X % o ({5

[25Da]

. l)
o‘m‘o ®

TOF analyzer
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Comparing MRMPR and SWATH ® acquisition

Both techniques employ TOF-MS full-scan

Provides accurate mass measurement, and isotope pattern, for parent ions

Both technigues employ looped product ion scans
MRMFHR collects dedicated MS/MS for targeted compounds
SWATHE® collects MS/MS for all compounds by using wide Q1 isolation windows, stepped

aCross a mass range

MRMHR

Experimental Method

SWATH®

TOF-MS
Product ion, 328.2
Product ion, 300.2

Product ion, 286.1

Experimental Method

TOF-MS
Product ion, 150-170
Product ion, 170-190

Product ion, 510-530
Product ion, 530-550
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Processing SWATH®-MS/MS Data

Same as MRMHR

User tells software the mass of the parent ion, and the fragment ion

Software automatically extracts XIC from the appropriate SWATH® scan
(i.e. the mass range containing the parent ion)

+ @ Alprazolam, subrange
185
e * MS/MS Lib Purity S
iorar uri core
1.4e5
M E
1265 ass error
=
: * Isotopic Patt
E sotopic Fattern
8.0s4
363 . .
st * Retention Tim
etenton lIime
o | r
] I
2004 i i !
ot . j\%(\/\ A RV Y
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Time, min
. By B 1 Ll = Ll L) [ " —
o, New Session
Masterview Emilid @R RZE HE #F&EEEZ6G? Y w
C Number M
T Sample  of Adduc  Int  Exraction Fragment  Found At Expected  RTWidth  FoundAt  RT
R Wifffile Name Name Pasitive # [ e ﬁd"’l Mame Formula lsotope  Mass (D) | Sd Mass [09) Width (Oz) )= Do) Mass (D) Ermor (ppm) o Gwin) fmin) RT (min) (m
L results VvV
.-- Jon m v VYV C17H13CINA 1 30808287  +H 309.09015 002 2810638 | 309.09017 (5] 362 035 363 t
3 (/| SV CI6HINO4 1 28913141 +H 29013868 0.02 1681008 | 29013872 01 191 031 181
0 v vV E C29H4INO4 1 46730386  +H 46231084 0.2 3962182 | 46831059 05 481 038 481
A v VvV C12H24N204 1 260.17361  +H 26118088 002 1761272 | 261.18063 Bl 35 04 35
3 v vV C15H10CINGO3 1 31504107 +H 31604835 002 2700562 | 316.0482 05 343 036 344 {
a v evee C18H2INO3 1 29915214 +H 300.15342 002 1520641 | 300.14685 418 163 018 1.55 {
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45 [ VY C20H23N 1 27718305 +H 278.19033 0.02 2341272 | 27818378 2 332 035 333 (
# v evee C22H28N20 1 33622016 +H [7274 002 1050696 | 337.23179 129 35 04 346 {
v vV C16H12FN303 1 31308627 +H 314.09355 0.02 2680891 | 31409379 08 353 035 353
45 | VY C21H23CIFN3D 1 38715137 +H 38815865 002 3150672 | 3881588 04 353 033 353
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B v vvve Hydromorphone  [EESIPLAEIVeE) 1 28513649 +H 28614377 002 1850588 | 286.1432 2 127 018 132 t
Positve result equal o better . v vvve Hydroxyalprazolam [ERSIFISIEIS1I7T0] 1 32407779 +H 32508507 002 207.0665 | 32508511 01 345 034 346 {
= s s s s TS ~cuincPusAT sonntas .U 574 o nne s7Eniad | 394 ndoso ne e Ao nEn :
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Comparing MRMPRand SWATH® acquisition

—| @ HydrocodoneMSMS: 300.15%4 from sMRM SetA, subrange
@ Oxycodone_MSMS: 316.1543 from sMRM SetA, subrange
@ Hydromorphone_MSMS: 286.1438 from sMRM SetA. subrange
@ Codeine_MSMS: 300.1554 from sMRM Seth. subrange

% MSMS: 286.1438 from sMRM SetA. subrange

MSMS: 302.1387 from sMRM SetA, subrange

SWATH®

Hydrocodone_MSMS: 300.1594 from sMRM Sets | IINETR[E] Precursor m/z Fragment m/z
Oxycodone_MSMS: 316.1543 frgm sMRM SetA/ 3.06 OXyCOdone 299 _ 325 298 14
9.04
B.0e4 Hydrocodone 299 — 325 199.08
2 704 Creymorphone_MSMS: 302.1337 from sMRM Setd/ 2.25 Oxymorphone 299 — 325 284.13
o
é Blet Hydremeorphene_MSM§: 286.1438 from sMRM Setd / 2.41
= 50e4 Hydromorphone 274 — 300 185.06
o Comparable Cefe v 0 s o | s 250 _
200t Codeine 299 — 325 215.11
) e - Morphine_MSMS: 286.1438 frgm sM SetA /215
2008 sens |t|V|ty Morphine 274 — 300 201.09
Hydrocodone {MSMS: 300.1654 from sMRM Setd | 3.06,
1.0e4
0.0e0 y : . . . . . . . . : . T s = T T . . . : . . T . . T T T . .
D/é 04 0E 0.8 10 12 14 16 18 20 22 24 28 28 a0 32 34 36 38 40 42 44 48 48 5.0 52 54 5.6 58 60 62 6.4
Time, min

— @ Oxycodone_MSMS: 316.1543 from sMRM Seth, subrange
@ Hydrocodong MSMS: 300.1554 from sMRM Setd, subrange
@ Oxymerphogle_MSMS: 302.1387 from sMRM Setd, subrange
O Codeine

MS: 300.1594 from sMRM SetA_ subrange
~SMS: 286.1438 from sMRM Seth, subrange
Hydromarphdye_MSMS: 286.1438 from sMRM Setd, subrange

MRMHR

Dixycodane_MSMS: 3161543 from sMRM Sewsl Fragment m/z
Oxycodone 316.15 298.14
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What about background?

MRMHPR (“unit” Q1 isolation window)

Cocaine_MSMS: 304 1543 from sMRM Seif-. subrange
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* SWATH® acquisition (wide Q1 isolation window)

Cocaine_MSMS: 304.1543 from sMRM SetfF. subrange
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Comparison of TOF, TOF-MS/MS, and SWATH®

acquisition for targeted drug screening

TOF-MS

Generic, non-targeted method
* Low selectivity (MS only)

Retrospective data mining
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Comparison of TOF, TOF-MS/MS, and SWATH®

acquisition for targeted drug screening

TOF-MS SWATH TOF-MS/MS TOF-MS/MS (a.k.a. MRMHR)

+ Generic, non-targeted method \/ + Generic, non-targeted method + Targeted acquisition method x
«  Low selectivity (MS only) XK - High selectivity (MS/MS) « Highest selectivity (MS/MS) v
* Retrospective data mining J + Retrospective data mining * Retrospective data mining x
»imm Interference in xf:"..‘:.."::‘"“‘.‘:‘.. x::.m-::-'::.
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Comparison of TOF, TOF-MS/MS, and SWATH®
acquisition for retrospective data analysis

MRMPHPR s a targeted technique — no retrospective data mining
TOF-MS enables data mining, however lacks selectivity

SWATH-MS/MS is generic, selective, and allows retrospective
data analysis

TOF-MS SWATH TOF-MS/MS TOF-MS/MS (a.k.a. MRMHR)

+ Generic, non-targeted method J + Generic, non-targeted method J + Targeted acquisition method x
«  Low selectivity (MS only) XK - High selectivity (MS/MS) . Highest selectivity (MS/MS) v
* Retrospective data mining J + Retrospective data mining J * Retrospective data mining x

Flephedrone (m/z 182.10)

nterferences in ) / : i
= - Flephedrone (m/z 182.10)
E ol N/A
N

Mephedrone (m/z 178.12) Z J\/Mephedrone (m/z 178.12)

N/A
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Advantages of SWATH® Disadvantages of SWATH®

acquisition acquisition
SWATHE® acquisition method is 1. SWATH?® is slightly less selective
generic, and non-targeted than MRMFR
SWATH data can be re- 2. Background is slightly higher than

interrogated for both MS and MRMFAR, but better than TOF-MS.
MS/MS information (and XICs) 3. SWATHE® cycle times may be
SWATH cycle time does not longer

increase as the number of target B Eoevpeergge”t on the mass range
compounds increases —  Dependent on the size of the Q1
Sensitivity of SWATH is isolation windows

comparable to MRMHR however
the background is higher with
SWATH®

SCIEX



Does SWATH® acquisition satisfy the wishlist?

SWATH®
Toxicologist’s Wishlist: acquisition

Generic method, non-targeted \/

A Maximum selectivity

Digital record of everything in

£
el B yvour sample

<SS

Possibility to re-interrogate
the data later
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Conclusions

High-resolution accurate mass MS systems (e.g. Time-of-Flight)

provide incredible selectivity VS ‘nominal mass’ instruments.
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MS/MS is required, even on a high-res MS system, to remove
chemical interferences and to avoid false positives/negatives.
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weed | remove d by MS/MS
2.0e4
oo L )

10 12

SCIEX



Conclusions

MRMPHR acquisition employs looped TOF-MS and TOF-MS/MS
scans, to provide:

Maximum specificity for all targeted compounds (via MS/MS)
Ability to re-interrogate the data, for unanticipated compounds (via MS)

Definitive compound ID is achieved by assessing:
High-resolution XICs of MS/MS data
MS/MS fragmentation pattern
Accurate mass .

Isotope pattern l }m J@ | ’MUL
: - ol ( | i
Retention time e et

I
JS\‘

5
3

(V)
Time, i

BEEEEED
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Conclusions

* SWATH® acquisition is a mode of Data-Independent Acquisition

that. ..

— provides TOF-MS and TOF-MS/MS information for all compounds in a
sample (even unanticipated compounds)

— enables monitoring of any number of analytes, with no increase in
experimental cycle time

— captures a complete digital record of everything in your sample
— enables retrospective data analysis

Generic method, non-targeted

/\ Maximum selectivity

Digital record of everything in
sl B your sample

Possibility to re-interrogate

SSKKS

the data later
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