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Overview

In forensic toxicology testing labs, workflows are trending.
Routinely, labs have been tasked with doing targeted analysis,
monitoring samples for a standard list of known drug compounds
and quantifying any of those targeted compounds that are found.
These days with the emergence of many different novel
psychoactive substances (NPS), labs are being faced with the
challenge to do more surveillance screening. In this workflow,
they are required to explore for any compounds that might be
present in their samples without any pre-existing knowledge of
what those compounds could be.

NPS are structurally and/or pharmacologically related
psychoactive drugs. Before or upon emergence, they are not
controlled or scheduled and so they can be legally circulated.
Some common NPS are derived from the phenethylamine,
cathinone (‘bath salts’) and cannabinoid drug frameworks
synthesized in clandestine laboratories and marketed over the
internet as ‘legal highs”. In response to legislative efforts to these
NPS a constant cat and mouse scenario is created as new NPS
emerge on a monthly basis in order to overcome the drug laws.

AB SCIEX TripIeTOF® LC/MS/MS system provides the
acquisition power to screen for and identify compounds in
complex matrices. TripleTOF® technology enables the
acquisition of high resolution and accurate mass MS and MS/MS
information on all peaks observed in any given sample. These
information-rich data files can offer insight into the many drugs
and metabolites present in a given sample.

The strength of the workflow lies in the software, where
PeakView® software with the MasterView™ add-in enables high
throughput data analysis, allowing the information rich data files
to be quickly screened for both targeted and non-targeted
compounds.

The usual workflow in unknown screening for novel psychoactive
substances is to analyze the suspicious offenders, discover the
unknowns and then add to the routine analysis of targeted drugs.
This technical note describes this workflow starting with the
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untargeted analysis and adding identified unknowns to the
targeted list and the ability to use the TripIeTOF® for routine,
targeted analysis.

Introduction

Liquid Chromatography coupled to Tandem Mass Spectrometry
(LC-MS/MS) is a widely used analytical tool for the screening of
compounds and metabolites. Triple quadrupole based mass
analyzers operated in Multiple Reaction Monitoring (MRM) mode
deliver highly selective and sensitive quantitative results, but are
limited to targeted screening only.

With an increasing demand for retrospective and non-targeted
analyses of forensic toxicological samples, full scan mass
analyzers are gaining popularity. Finding potential NPS in
complex samples is hard. Samples contain a mix of
healthy/normal components, vitamins, proteins, antioxidants etc.
as well as known high-risk targeted compounds. This makes
detecting and identifying NPS challenging especially when
considering the low therapeutic levels that these NPS generally
have and are therefore found in low concentrations. A sensitive
method is also required when considering the need to detect the
compound sometime after its intake. Urine analysis can be
challenging if considering the parent drug only and a high phase
metabolism and conjugate cleavage is not performed. The AB
SCIEX TripIeTOF® systems allow the acquisition of highly
sensitive full scan single MS spectra with high resolution and
mass accuracy. In addition, Information Dependent Acquisition
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(IDA) can be used to collect MS/MS spectra with unmatched
speed for accurate and reliable compound identification using
MS/MS library searching.

The complexity of such data requires powerful data mining tools.
The MasterView™ software can be used for targeted and non-
targeted processing of high resolution MS and MS/MS data.

Discovering and ldentifying Non-targeted or
Unknown Compounds

Non-targeted peak finding algorithms will find thousands of
molecular features in a sample, including chemical background,
matrix components and unexpected compounds of interest.
Figure one shows an example in which a non-targeted extraction
of the components of this unknown sample resulted in 1046
extracted peaks. The majority of these peaks will be normal
‘healthy’ endogenous chemical compounds and the challenge is
to identify the significant exogenous components. But how can
one find the low level toxic compounds amidst everything else? It
would be impossible to investigate every single peak effectively
and efficiently, and many of those peaks may be of little interest
to a forensic scientist— for example, endogenous components
such as sugars, amino acids and nutrients may not be of interest
when looking for exogenous, foreign material.

® sagore -«

Mateview BRMEQH_BZ HEH #OEEC@? o AY -

Sample
Name

Figure 1. Non-targeted (unknown) screening and identification; Non-
target XIC generation using a non-targeted peak finding algorithm
will find thousands of molecular features in a sample. Only a
handful will be significant components.

The best approach to eliminate the endogenous chemical
compounds in a sample is to perform a comparative unknown
screening analysis. Comparative screening is simply the
comparison of your unknown sample against a known control
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sample; comparing a potentially suspect urine sample with a
clean urine sample blank for example. The comparative
screening process enables the comparison of 2 samples to
reduce the list of compounds from thousands to, in this example,
10 — this will eliminate the flagging of compounds that may be
‘normal’ for that type of sample and will allow the user to get to
the answer of what is in the sample, particularly any components
that are not ‘normal’ for that sample, faster and more accurately.

Non-Target XIC Generation and Sample-Control-Comparison
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Figure 2. Automatic Non-targeted (Unknown) Screening Workflow

MasterView™ Software has a powerful non-targeted peak
finding algorithm that extracts peaks present in the sample. The
software can be programmed to automatically perform empirical
calculations of potential molecular formula for the extracted mass
of the unknown compound using both MS and MS/MS data.
Automatic formula finder will produce a suggested molecular
formula based on the TOF-MS peak and the isotope pattern.
These are the first two clues to help identify what that peak might
be. The algorithm for the automatic formula finder uses the MS
and MS/MS data to come up with the best possible formulas that
match the extracted mass. Once a potential formula has been
determined, it can be searched against a ChemSpider database
for suggested structures. The structures retrieved from the
database are linked to the collected MS/MS spectrum for that
extracted mass. A plot of the predicted MS/MS fragmentation
pattern can then be made against the collected MS/MS data.
This allows you to identify potential structures that match the
extracted peak. Since many molecular formulas can give rise to
the same accurate mass, it is only through the MS/MS
fragmentation data that reliable identification of that peak can be
achieved and confirmation that the structure retrieved from the
ChemSpider database is the correct one.
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The Non-Targeted Screening and identification Data Analysis Workflow

1. Setting-up your XIC table and processing parameters for unknown screening

\/

Open one or more data files
for unknown (comparative)
screening in PeakView®

Start a new session in the
‘MasterView’ menu

\/
\/

Select Non-Targeted Peak
Finding and ‘Peak Detection
Sensitivity’ level

\/‘

e The MasterView™ Software can be used to explore
chromatograms using a non-targeted peak finding
algorithm to find and identify unexpected drugs.

e Browse for data files anywhere on your computer or
network for comparative unknown screening (i.e.
sample-control-comparison).

e  Select which sample is to be used as the control; the
unadulterated sample matrix, blank urine sample in

this example.

e Select the suspicious sample using the drop-down
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Figure 3. The MasterView™ Software with two samples loaded and ready for comparative unknown screening. To
start the non-targeted peak finding algorithm simply click the highlighted bottom.

\/

Select ‘clean’ control sample

\/
\/

Select suspicious unknown
sample

\/

menu below the XIC table.

e Note that the XIC table is left blank. No information

on expected masses or retention times is required.
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Sample: | unknown 10(Sample 1) ¥ | Controt double blank{Sample 1) v
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2. Performing comparative unknown screening on your data using MasterView™ Software

You are now readyto start
unknown screening of your
TripleTOF® data.
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Figure 4. The result display of the MasterView™ Software: Quickly narrowing down to the significant components

Once the processing is completed, define a threshold
for comparison (ratio sample and control).

A threshold of 10 will highlight all compounds in the
XIC table which are present in the suspicious sample
with a signal at least 10x higher than in the clean
control sample.

XICs with a higher signal in the unknown sample than
in the control are highlighted in green. Click the
‘Display Highlighted XIC Only’ button in the top right
of the XIC table to display only these XICs.
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XICs of all found compounds in the two samples
selected are displayed in the chromatogram pane
(Figure 2 top).

Spectra can be reviewed in the MS and MS/MS pane
(Figure 3 bottom).

Spectra of non-identified compounds can be further
processed in PeakView® software.
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Figure 5. The result display of the MasterView™ Software: Non-targeted peak finding and automatic comparison of an unknown urine with a blank urine
control. A number of peaks were identified, the example shown is at m/z 372; RT 10.05 min and an MS/MS was acquired for it. This non-identified
compound can be further processed in PeakView® software.
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3. Identifying unknown compounds using empirical formula finding and automatic ChemSpider search
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Figure 6. Unknown identification using PeakView® software: The significant extracted components are treated as
a targeted list and automatic formula finding operation is performed.
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Figure 7: A ChemSpider search session can be started by clicking

on aformula.

MasterView™
calculates potential

molecular

software automatically empirically
formula for

the

extracted mass of the unknown compounds using
both MS and MS/MS data when the ‘Formula Finder

check box is selected.
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The Formula Finder automatically uses accurate
mass information of the molecular ion, adducts,
isotopic pattern, and fragment ion information to
empirically calculate potential molecular formulas for
the detected compound.

Click on ‘Show XIC Details’ to show the ‘Formula
Finder Results’

Review the MS and MS/MS ranking. The mass errors
for the suggested formula are shown.

The possible structures hit count from the automatic
ChemSpider search for all calculated formulas are
recorder in the ‘Hit Count’ column allowing homing in
on which formula to investigate further

An automatic ChemSpider session can be started by
clicking on a highlighted formula

You can further evaluate structures in the PeakView®
ChemSpider session window. This feature links the
selected structure to the acquired MS/MS data for the
extracted mass and compares the structure with
known fragmentation pathways and reports how
many fragments of the MS/MS spectrum match.

p6
Document number: RUO-MKT-02-1884-A



For Research Use Only. Not for Use in Diagnostic Procedures

1N PeakView

T — TR e e . . st I ———— e )

o File Edit Show MasterView Graph Process Bio ToolKit  Window  Help

& g (17Aprnill3 SparkDrug Screen - | = = | ) Q B EE 88

ChemSpider results for: |87 PETov) ~ R

140 of 384

M List of compounds from

o ChemSpider with structures
e that match the

T MasterView™ calculated
o molecular formula

2159038 N-(: 2.2-bis(3 714715

- Ry

W (B e A B AEEE®

100%
155.0451

: Acquired MS/MS spectrum
for the extracted accurate
mass at m/z 372.1996

| O, . Blue peak: match

o \‘ e Red peak: no match
10% 244.1312 2841087 ‘ 3722154

P Y il AL

Clzmu- @ QEBEEw

éu Structure —
[5 NOT A MATCH
|

=|-|a|wv|o|o

Q@lE|e|n|™]|=

| c11H13+
| c28H2EN 02+

Fragmentation prediction tool

Selected Compound Structure

showing number of fragment ions in
the MS/MS spectrum that match
explainable fragments from the

selected structure

Figure 8. Automatic ChemSpider Search Session; ChemSpider hits are automatically compared against MS/MS spectrum for interpretation

e The ChemSpider session starts by searching
ChemSpider for structures that match the calculated
formula.

e After the search is complete, a list of matching
compounds is displayed which is automatically sorted
by the reference count.

e By highlighting a compound in the list, its

corresponding structure is displayed underneath.

spectrum displayed in the top right pane.

lons in the MS/MS spectrum that are blue match a
fragment in the selected structure. lons that are red
do not match any explainable fragment from the
selected structure.

The first structure in the list only has one blue ion in
the MS/MS spectrum, the others are all red. This is
not the structure for this unknown compound (Figure

e The displayed structure is linked to the MS/MS 8)
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Figure 9. Narrowing the unknown identification to a compound class
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Figure 10. Further evidence to the JWH compound class but again not all MS/MS ions can be assigned to this particular K2 Spice compound

e When continuing down the list the structure for JWH- e  With further investigation into the list of compounds a
081 fragments to match the majority of MS/MS structure is found in which all MS/MS fragment ions in
fragment ions. However, the ions at m/z 244 and 354 the product ion spectrum are explainable.

cannot be assigned to this selected JWH structure. o 6 0of 6 peaks matched with 100% explainable MS/MS
e Continuing further down the list, another JWH fragment ions for the JWH-019 5-hydroxyhexyl

structure matched well to the MS/MS spectrum but metabolite novel psychoactive substance (Figure 11).
again not all ions can be assigned to a fragment from e We have a formula and a retention time for this
this structure. extracted unknown peak; CsH2sNO; at retention time

e At least at this point we can be confident as to the 10.05 min. This information can be added to the
class of compound, but which compound is it? targeted XIC list for future targeted analysis.
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30741820 NA(1-Hydroxy-2, 3-dinydro-1 H-inden-1-yl)methyl 3714715 Teaget \‘ /
30794600 (5R)-1-Methyl-5-[{tritylez)methyl]-2-pymrlidinen 371.4715 20%
30794601 (5)-1-Methyl-5-[(trityloxy)methyl]-2-pyrrolidinon 371 4715 Lo e85 95750 & 3;‘9({;51| .
30811763 1-(1-Butyl-7-methoxy-1H-indol-3-yf)-2-(1-naphth 3714715 » T
30870193 (2E)-N-Benzyl-N-phenyl-3-(2-propaxyphenyl)acr 371.4715 . 0% TN T il J ] l 1
100 200 T ado 400 500 500 700 800 800
Mass/Charge. Dz
EPTECEEEL: CIEFEEMT Y=L =
= | | sclected composition: C 5 gNO* (2441332 D) [ Fragments | Peaka| =
o | e CqgHyaMO 2+ (244.1332 Da) mz Al iy Error (D3) Composition
-1 1 0.000 C10.H7+
s F -1 1 0.000 CT1H7.0+
a B -1 1 0.002 C15.H18.N.O2+
-1 1 0.002 C20.H14. N.O+
I Na -1 1 0.003 C25H24 N.O+
0 0 0.001 C25.H2Z6.N.O2+
K Ca
on —
( Num. fragments: 6 )
\_/ —,——— =

Figure 11. Closest Structural Match; 6 of 6 peaks match with 100% explainable MS/MS fragment ions for the JWH-019 metabolite p8
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e  With a direct link to the ChemSpider website, the

Wi ————— R . e R —— R |- 3 .

s —— = compound can be searched regarding references and

=2 v v : data sources.

L) ChemSpider website Common Name The above results are examples of using the comparative
s o T o e screening function using a non-targeted peak finding algorithm to
= Refresh Search the compound on ChemSmderwebsne] i g g . g P . g9
e . find unknown compounds in complex forensic samples.

I .
A simple MS/MS library search against the ‘All-in-One’ High
Resolution MS/MS Spectral Library can identify unexpected
compounds using this workflow. The Formula Finder and
automatic ChemsSpider search can be used for identification if
the library search does not return a hit for a compound of

interest.

Figure 12. Searching the compound on the ChemSpider Website Any unknowns that are found can easily be added to the
targeted analysis buy including the formula and retention time to
the targeted XIC list. This now becomes part of the routine

ChemSpider analysis  workflow which  will be demonstrated next.

Search and share chemistry

onoo
¥/ Motocular Formuta camzanoz Defe range Mtarva usng parenmeses
E9 CTHI014)0(0-4)
¥/ Motecular Weght 410 (oxampe 1234 1) e -
. . /-
7 Average Mass 201 -8 - o
7 Monamotop Mass: 4 0001 - - e -

Seareh Hits Limit: 100+

€O, s ans " 2 o o

Figure 13. ChemSpider Link; Allows searching based on number of
references and data sources

p9
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The Data Analysis Workflow for Targeted Screening and Quantification

4. Setting-up your targeted compound database (XIC table), library and processing parameters

X g +
506 &
\/ -
g 83
k] 266 208 "\3375‘:‘\021‘231445 - I 4 1 1afs 1e284 Vsy‘?;ns
Openyourdata file(s) in = R e e :
. ® i
PeakView® software Name Formulz Mass (Da) | Adduct m“{"[‘)‘;‘) \idth (Da) E’}P(E"f.‘sf' m;gﬁdﬁ' Known | Ealulated EE%G v
\/ Biperiden C2TH29MO  311.2249 H+ 31223213 0.02 228 2 10 05
(-} Trans-deltz-8-THC carboxylic acid A C4HBN2S 114.02517 H+ 115.03245 0.02 223 2 10 05
17alpha-Hydraxyprogesterons CSH13NO 151.08871 H+ 152.10699 0.02 983 2 10 05
17-zlphz-Methyltestosterone C20H3002 302.22458 H+ 303.23186 0.02 852 2 10 05
2 5-dimethoxy-4-n-propylthiophenethylar ~ C13H21NO25  255.1233 H+ 256.13658 0.02 859 2 10 05
Start a new session in the 2-Aming-5-chlerobenzophenane C13H10CING  231.04509 H+ 232.05237 0.02 899 2 10 05
, ) ) 2-Amino-E-nitrabenzophenons C13H10N203  242.08914 H+ 243.07642 0.02 10.86 2 10 05
MasterView™ menu 2-Benzyltetronic acid C1IHI002 19006293 |  He 191.07027 0.02 6.4 2 10 05
2C-B-FLY C12H14BiNO2  283.02079 H+ 284.02807 0.02 7.89 2 10 05
\/ 2-Hydroxyethylflurazepam CITHI4CIFNZO: 332 07278 H+ 333 08006 0.02 938 2 10 05
3 4-Dimethoxyphenethylamine C10HI5NO2  181.11028 H+ 18211756 0.02 8322 2 10 05
3 4-dimethylmethcathinone CIZHITND 181.13101 H+ 192 13829 0.02 755 2 10 05
\/ 3.4 Methylenedioxyamphetamine CT0HIZNO2  179.09463 H+ 180.10191 0.02 284 2 10 05
3.4-Meth phetamin C12HI7NO2  207.12593 H+ 20813321 0.02 264 2 10 05
3.4-Methylenedioxymethamph C1IH15NO2 193.11028 H+ 19411756 0.02 9.07 2 10 0.5
Build and edityour 3.5 Diisdotyrosine CoHanOz 4328672 | Hs | 43387a47| o2 1013 2 10 05
XIC table 3-desmethylprodine C15H2INO2 24715723 H+ 248.16451 0.02 778 2 0 0.5
3-Hydroxybromazepam C14HT0BrN302  330.99564 H+ 332.00291 0.02 961 2 0 05
3-Methylfentanyl C23H30N20  350.23581 H+ 351.24309 0.02 7.88 2 10 05
\/ 4-Benzamidesalicyclic acid C14H1INO4  257.06881 H+ 258.07608 0.02 771 2 10 05
(e Conkncn iSanpte 1 ~ . Contror] 10 ng_mt 1(sample 1) ~ Rows 1275 ] [Process |

Y
Screening using 1275 extracted ion chromatograms (XIC)

Figure 14. The MasterView™ Software with an XIC table loaded for targeted drug screening and identification

e The XIC table defines a list masses or formulas to generate
extracted ion chromatograms (XIC) for targeted compounds.

\/

Set-up your processing
optionsinthe
‘Options’ dialog box

e The XIC table allows a list of compounds and masses to be
modified based on the compounds of interest to your
laboratory.

The columns in the table, including compound name, formula,
isotope, adduct, retention time (RT), width, and others, can be
edited based on your methods and needs (Figure 14).

Note that a mass must be entered in the ‘Extraction Mass’
column in order for the compound to be searchable in your
database.

The ‘Extraction Mass’ can be entered manually or is
calculated automatically based on the formula, isotope, and
adduct provided.

The generated XIC table can be saved for future processing.

Confidence settings for compound identification based on
mass error, retention time error, isotope matching, library
searching purity scores, Formula Finder result and combined
scoring can be adjusted based on your laboratories’ quality
control criteria (Figure 15).

Select your mass spectral library for automatic MS/MS library
searching in the ‘Options’ dialog box.

For Research Use Only. Not for Use in Diagnostic Procedures.

\/
\/

Selectyour MS/MS library

\/

]
| Caleulations | Libraty § earching | Columng || Confidence Setings'| User ettings|
Mass Enor Retention Time Isotope Library Hit Formula Finder
Mass Enor (ppm) | % Enr Isotape Ratic Ubrary Score | Fomula Finder
% Difference Score
. < < ‘ S S
A cGo | cfm) | clm) | o(md | (e
[ ] >= [ 100 >= >= [ =0 = [ 320 <« [ 300
Combined Score
Individual scores 20| % o % w0 20 % 20 %
e IEDE J I [oz [ 2=
single score using
th hi
g oA @ Use RT Error % for RT Score
© Use RT Exror Delta for RT Score

Figure 15. Confidence settings for compound identification
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+® +
se5 &
deB

36834108 15101
=6 1168 1578 1976 ]y 00 2479 pg7n |aaz | 2790 | 4323 4aas 4897 K 14835 1‘2‘5:39‘ 15238
o5 1o 15 20 25 30 35 40 &5 50 I R T O T R T SR D I
- Threshold
Extraction Expected RT \width Known Calculated :
Name Formula Mass (Da) Adduct Mass (Da) Wwhdth (Da) RT (min) e Concentr Cancentr. gl?l?l‘:ocll)f
Biperniden C2THZ9NO 311.224: H+ 31223219 002 828 2 10 05
(-)}-Trans-delta-3-THC carboxylic acid & C4HBN2S 114.02517 H+ 1165.03245 002 823 2 10 05
17alpha-Hydroxyprogesterone COH13IND 151.09971 H+ 152.10699 002 9.83 2 10 05
17-alpha-Methyltestosterons C20H3002 302.22458 H+ 30323186 po2 252 2 10 0.5
2 5-dimethoxy-4-n-propylthiophenethylar C13H21NO2S 255.1293 H+ 256 C P i ad =
2-Amino-5-chlorobenzophenons CI3HTOCING 237.04509 H+ 08237
2-Amino-5-nitrobenzophenone C13HI0N203 24208914 + 24307642 {
2-Benzyltetronic acid C11H1003 TH299 H+ 191.07027 .
2C-B-FLY C12H14 283.02079 H+ 28402807 C unirCean JCEamphe 11
2-Hydroxyethylflurazepam T4CIFN20z 33207278 H+ s
unkrsnen JTSampher 1]
3.4-Dimethoxyphenethylamine [ Nene 18211756 .
. - 10 ng_mL 1(Sample 1)
3, d-dimethylmethcathinone € ” oy . 152.13829 ek e 3[5_.““ i}
3.4-Methylenedicxyamphetamine | unknown 1sample 1 180.10191 C
3.4-Methylenedioxyethylamphetamine ) unknown 2(sample 1) 208.13321 B unkresee ditample 1)
3 4-Methylenedioxymethamphetamine unknevn 3(Samele 1) 194 11756 i i
- B ki 4sample 1)
3.5 Ditodotyrosine < i 43287447 unkrcwn SSample 1)
a oy e | unknown Stsample 1 TR I:
SsmeEtvie unknown 6(sample 1) : unkraeam SrSample 1)
3-Hydroxybromazepam Cl. 332.00291 c-l
unknown 7{Sample 1) [
3-Methytfentanyl C] inknown sample 1) Sl 2 unbocssn TiSamphe 1]
4-Benzamidosalicyclic acid C > 258 07608 C
| someie | unknown iisample 1) v | | come[ None ~] unkraoeae SrEamphe L]
iC -
e i e

Figure 16. Selecting from the list of samples what is the control; in this case a spiked urine containing all the targeted drugs at a
concentration of 10 ng/mL.

Input control concentration and ratio threshold of the control

+ & -
=6 &
s
T e
o v 1 A s o T T s e o R e
E R - H ) ) S ) R T R R T R ¥ R F
Name Formula Mass (Da) | Adduct E’;‘{;"('-'D";) Width (Da) E’.‘r"(e"c-‘f;’ fﬂ:r})ﬁ‘"—" fove e} (Caloulatod E:Ei%? d
Biperiden C21HZINO 311.22491 H+ 31223219 0.02 828 2 10 0.5
(-}-Trans-delta-8-THC carboxylic acid A CAHEN2S 114.02517 H+ 115.03245 0.02 823 2 10 0.5
17alpha-Hydroxyprogesterone CSH13MO 151.09871 H+ 15210699 0.02 9.83 2 10 0.5
17-alpha-Methyttestosterone C20H3002 302.22458 H+ 303.23186 0.02 8.52 2 10 0.5
2 S-dimethoxy-4-n-propylthiophenethylar ~ C13H21NO2S 255.1293 H+ 256.13658 0.02 8.59 2 10 0.5
ino-5-chlor ! C13H10CING 231.04509 H+ 23205237 0.02 8.99 2 10 0.5
2-Amino-5-nitrobenzophenacne C13H1ON203 242 06914 H+ 243.07642 0.02 10.86 2 10 o5
2-Benzyltetronic acid C11H1003 190.06299 H+ 191.07027 0.02 6.44 2 10 0.5
2C-B-FLY C12H14BrNOZ  283.02079 H+ 284 02807 0.0z 7.89 2 10 0.5
2-Hydroxyethylflurazepam C17HI4CIFNZOZ  332.07278 H+ 333 08006 0.02 9.38 2 10 0.5
3.4-Dimethoxyphenethylamine C10H15MO2 181.11028 H+ 18211756 0.02 822 2 10 0.5
3.4-dimethylmetheathinone C1ZHT7NO 191.13101 H+ 192.13829 0.02 7.55 2 10 0.5
3.4-Methylenedioxyamphetamine C10H13NO2 179.09463 H+ 180.10191 0.0z 8.84 2 10 0.5
3.4-Methyl vethytamph C12ZH17NO2 207.12593 H+ 208.13321 0.02 8.64 2 10 0.5
3.4-Methylenedi i C11H15MNO2 193.11028 H+ 19411756 0.02 9.07 2 10 0.5
3 5-Diiodotyrosine CIHIIZNOZ 432 8672 H+ 433 87447 0.02 10.13 2 10 o5
3-desmethylprodine C15HZ1MO2 247.15723 H+ 242.16451 0.02 7.76 2 10 05
3-Hydroxybromazepam CT14HT0BrN202  230.99564 H+ 332.00231 0.02 961 2 10 0.5
3-Methylfentanyl C23H30MZ20 350.23581 H+ 351.24309 0.02 7.88 2 10 0.5
4-Benzamidosalicyclic acid C14HTINO4 257 06881 H+ 258.07608 0.02 7.71 2 10 0.5
(e omnown tGamete D ~ Conron] 10 na.mi 1(sample 1) - Rowa 1275 1 [\ [ Process |
Y Y

Screening using 1275 extracted ion chromatograms (XIC) Quantitative comparison

Figure 17. Inputting the control concentration (for single point calibration) and ratio threshold of the control

p1l1
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e MasterView™ Software allows the comparison of an
unknown sample to a standard of known concentration
that is used as the control. The standard is a blank matrix
spiked with all the target compounds at their respective
cutoff concentrations.

e MasterView™ Software automatically performs a one
point calibration and calculates the concentration of the
identified analyte in the unknown sample. By specifying a
threshold ratio, all compounds above the cut off threshold
will be highlighted in green. This allows a quick way of
identifying compounds in the unknown sample that are
above the cutoff concentration.

p12
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5. Analyzing your data using the MasterView™ Software

\/ Selected XICs — Bromo-Dragon FLY

You are now ready to start
processing your
TripleTOF® data. =! Sample -

v N E]W

+ @ Bromo-DragonFLY. subrange

= s " Control —
10 ng/mL standard

[

Start processing by CIiCking 1 2 E H 3 ."Tm‘z‘m I T T T 1 2 S H ] ?T\me.fm g W T o1’ B W
Masterview EEEEAQGR EIE HE #H@FERE[E@?  Resuruknown desgner dug samplesFomuarxcist Y m
h y c “ . - Theeshe
P o ‘;'::‘G" e Fado Ml (4° OO wanms gres TR fetdt e G ]
k. VYV oocaineM-onde. CITHZINGS 3191417 He R 82 2 Em v 05
7 VYV A Cafieine CEHIDMOZ 1408038 He 0BS5S 002 538 2 63 W[ 0EE s
v wioom3 et 4% sseve Drcierine CHMINGZ 3B e  BIB2OM 00 0 2 mn 10 s 05
v I o VYV VY Bromo-DragoeFLY CI3HIZBNO2  253005M  He [1] 28 2 a8 0 [m®m 05
E] AVYYVA Sapn CUHINO  T/S0S671  He | 1761068 002 H 2 B 0 [
v wimoms smoe] £ AVVVA = CUHINO  TS0%71  He |I76106M 002 i 2 B 10 [13
i v urimon Sample 1 3 ovevi Debrisoguine CIHIG B0 He  IEIEZ 0R P 2 B 10 [
Review yOUleC reSUItS unkmngan 7 Sample 1 I e VvV asenapine CTHIGCND 285092 He [0 o0 9% 2 [EEN o w s s
mhoan & Sampe 1 1027 VYV A Profionamide CIHIAGS 1002
v uknom Sampe 1 8 VVVVA Supherons sphedine metzbolis CUHING  TRIN H : H i ; .
\/ v o e Smmeme Do e - | Confidence in Identification by:
Vv unknoan 11 Sample 1 %1 Q0AVA Ferazine CHHSNIS 3917 H
v " Sampe 1 nR AVOVY Triadmenal C4HIECINI02 29510875 M ‘ MaSS Error
. &0 Hydrocoriiscre buispraie CEHTI0E  BI2TEH W . 1 1
128 Vrderasl CHHUNGDAS 4B H Retention Time
Postive result equal or better VW W/ V'V Y e Wortiazepam CIEHTICND 700658 H -|Sot0pe Match
ssmpie:| unknown LSamole 1) v commer 10ngmL1(Sample 1) v Rows 1228 + MS/MS Library PUrlty Score
*Calculated Molecular Formula

Figure 18. The result display of the MasterView™ Software: the 259 spiked drugs were identified with high
confidence in spiked equine urine sample

e XICs of all targeted compounds are displayed in the

chromatogram pane (Figure 18 top). «;vffj‘ej‘”

 XICs above a user defined intensity threshold are highlighted :::::r
in green. 'YY V2

e Compound identification is based on chromatographic and rj:‘:jr
mass spectrometric information, including RT error (min or %), AVVVA
mass error (ppm or mbDa), isotope matching, and library :j:j:
search results (Figure 21; middle). OvVVVA
S - o . .. VVVVA

¢ Identification criteria are visualized using ‘traffic lights’. VvV VvV A
00 AVA

Avevy

eovvy

eveve

AvVveve

p 13
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Review each sample at a glance to see which samples contain positive hits

+ @ asenapine. subrange + | asenapine. subrange T +
1265 934 & 1265 &
1.0e5 1.0e5

L 80 L Boe

] i

e £ s0e
40e4 40e4
20et C Number “j“

T Sample  of
0.0e0 7 7 3 4/ (A R Wiff file Name Namg positive I F 5§ 7 & § wm w1 1 u
Time, min Time, min
TEEEED - e =
B
I I |
P ES ] = EE . FormulaF.XIClist L]
EHEEIE El— unknown 2 Sample 1 0 Y
; S b Threshold
E Vifffle Name  Samele ?2_;,,; ¥ [ »-5‘:*’ v unknown 3 Sample 1 4 || Coreced | Mbidh | Condit (Koo, | Calotbind {atoct e
I N wE v v v unknowns Sample 1 1] = ;oo . W
unknown 2 Sample 1 0 257 V kY 638 2 638 10 10,7478 05 1000
v o3 Sampie 1 . = v e \," unkngwn 5 Sample 1 2 0 2 7 10 99404 05 1000 desm
28 v vV 869 2 10 [156339 05 1000 [TEBri
v unknound Sample T 1 2 v A V' unknown & Sample 1 1 724 2 22 10 05 1000 54P
v unaoun’ Sample 1 2 3 v AWV 724 2 723 10 05 000 5AR
v/ unkmoun® Sample 1 1 0 v euv unknown 7 Sample 1 0 724 2 723 10 05 1000 54P
w7 Soriel 0 IR o5 2 [ew. W [wew o5 owe |
unknown 8 Sample 1 0 0 |V @ unknown 8 Sample 1 0 5.86 2 587 0 104679 05 1000 1
W  unknownd Sample 1 4 28V v 6.36 2 661 10 05 1000 Buph
V  unkmoun10 Sample 1 3 7 v v unkn s Sample 1 4 636 2 561 10 05 1000 Buph
v urknown 11 Sample 1 5 % | @ « unknown 10 Sample 1 6 [ 2 €21 10 9.8592 05 1000
v uraoinz Sample 1 s|" 1 v A 824 2 82 10 05 1000
. v @ vy unknown 11 Sample 1 5 [] 2 74 10 200096 05 1000 | Mom
Positive result: equal or better v/ v/ v/ v/ 0 20 | @V 851 2 85 0 93703 05 1000 -
+ e— \f unknown 12 Sample 1 B — >
m v|  comor| rgT
Paositive result: equal or better WAV EVEV RV & A
Figure 19. Reviewing results for each sample; identifying quickly which samples contain positive hits
p 14
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6. Reviewing your results using the ‘traffic lights’ and the spectra display

\/ Selected XICs — Bromo-Dragon FLY
+ 4 Bromo-DragonFLY, subrange .‘_.
Monitor the ‘trafficlights’ . &
\/ » = Sample - Unknown
¢ 1 2 3 4 5 1] 7 B. 10 1 12 1l 1“4 15
The traffic lights visualize the FECEEEE =
confidence of your data. Mesterview EFEEAR EE HE ZQEE[E@P  REUTurkon esigrer dug smplesomuFacist AY
v E{ Vifiehame  ETHE ?',;"'T ; v ng éﬂf{ Name Formia  Mess (Do) #3000 m Victh (Ds) m [;"Tw:;’“"' ;‘r“;“ﬁ S | St EE
r— v VYV cocaine-Honde cziNGs 3T He [S0WES] o 82 2 [EZ w  [AwE o
v -Fﬁ-; \/ VYV Y WY CI3HIZBMNO2 29300514  He - o0 869 2 - 0 - 05
v koo a1 . @ v vvvvY senapine CUHIECND 28509204  He |2860%2 002 935 2 8% w [mEme o
Vet ot 1 00000
Review MS and MS/MS v soms  Smel 2 . . .
spectra by clicking Vo e Only compounds that have 5 green ticks will be displayed
2]
v &g @"J & : .;f"ﬁ"
Ve VAV M V] T
Grouping Samples by Wiff file
Sampie:| unknown 1{Sample 1) ¥ Conirot| 10 ng_mL 1{Sample 1) v Rows 1229

Figure 20. The result display of the XIC Manager: the drugs cocaine-N-oxide, bromo-Dragon FLY and asenapine
were identified with high confidence in an unknown urine sample, based on accurate mass, isotope pattern,
retention time and MS/MS library match.

Selected XICs — Bromo-Dragon FLY

Control —

P

w0 Sample — o
P P 5 10 ng/mL standard
¢« Unknown 1 :
5000 5000 87;0
1 4 5 6 7 9 10 1 12 13 14 15 1 2 3 4 5 13 7 9 10 11 12 13 14 15
Time. min Time, min
o=
KA E‘.l HE X%a8REREER&? reuwr igner drug xicust AY v m
Forwis | Mess@ Adioc | RUSSON won©n  Deeced AR fund foow o Cooubed R Twhod | i fey BRPOST koo co
cocsineltoide  CTH2INGS ety He [GE0MES| ooz o2 > [mEzmN o [EEmEEN o5 1o R T
Bromo DrogonFLY | CIITZBNO2 2330051 He | 294082 002 869 2 @& 1w smmm 05 1w Csa1 s3 wms w5 st
swomapie  CUHIGONO 250204 Hr 2060832 002 535 > [ssto] 0 [sesen  o0s 1o (o8 715 sms 744 78
sample: | unknown 1(Sample 1) ~ Control:| 10 ng_mL 1(Sample 1) - Rows 1229
Bl ks Bl hw ek OQAEES® @ik s [ e e G ABREE® =
-® 1wil 0 1 i 1. +TOF MS (100 - 1000) from 8634 to 8.659 min ~+ | + @ Spectrum from unknown 1. wiff(sample 1) - unknown 1. Experiment 9. +TOF MS"2 (50 - 1000) from 8680 min +
@ C13H12BrNO2 H+ -_— Precursor: 294 0 Da. CE: 350 CE=35 —_—
1100 2940129 s & T 1 - 19g.0882 48,9554 &
10 Unknown _ Acquired TOF-MS/MS .
200 = N 1410703 171.0456 1870813
o= TOE-MS g o, rsormpesns e { e, s [ | g
E x % 0% | 1. f 1 ! 1
N o0 297.2215 :E
300 2950157 3 -50% -
200 Fa S B 297i“5 I Library TOF-MS/MS
E Wb, nrm . ) . 1007
2940 2945 2950 2955 2965 2970 60 80 100 120 140 160 180 200 220 240 260 280
Mass/Charge. Da Mass/Charge. Da
mirror view of spectra for easy comparison
Figure 21. Reviewing MS and MS/MS data
p 15
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Comparative Screening and Identification - Quantitative Comparison Finding
Compounds > cutoff

Selected XICs — Bromo-Dragon FLY

+@ Bromo-DragonFLY. subrange +

+ | Brome nFLY. subrange t
Bes 3 — &
-] Sample — - Control
Unknown 1 10 ng/mL standard
15000 15000
=z 2
R = oo
5000 5000 8730
> R o
1 2 3 4 5 € 7 8 9 10 1 12 13 14 15 1 2 3 4 5 13 7 2 9 10 n 12 13 14 15
Time. min Time. min
o mAEEE® =
Mastevien EREKEGR BE HE #OEEE&7? e —— xcise AY ol
o Extracti ed  RTWidth  Found At | Kn Calculated | Preshold
# [ a:; c;f'/ vgij‘;f Name Formula Mass (Da)  Adduct Mags"(“gif‘) Width (Da) E’T‘F‘ﬁn} (mi“)' R‘.‘I_”(mi") S | St g:nn:“ |I))f
|376 :; j :: :.; j j cocaine-N-oxide C17H21NOS  [319.14187 W+ [ 32014825  0.02 82 2 [ 82 || 1w [ 127814 05
E3 Bromo DragonFLY ~ CI3HI2BMNO2  [29300514  H. | 29401242 002 869 2 | 8es | 1w | 5638 05
l 2z v vvvv v asenapine CI7HIGCING  |285.09204 H+ | 28608932 002 9.35 2 | 83 10 05

¢ Only compounds that have 5 ng/mL concentration or higher will be extracted and highlighted in green
« Three compounds identified that were above the cutoff concentration and their concentrations calculated

>
I sample: | unknown 1(Sample 1) ~ Controi:| 10 ng_mL 1(Sample 1) ~ I Rows 1229

Figure 22. Comparative Screening and Identification. Single point quantification, quickly identifying compounds above a cutoff concentration

Review other samples in the batch

Selected XICs — JWH-019 5-hydroxyhexyl metabolite

+ @ JWH-019 5-hydrox yhexyl metabolite. subrange I JWH-018 5-hydroxyhexyl metabolite. subrange I
= Sample — &l =\ Control — &
i - i -
£ .| Unknown 1 i ../ 10 ng/mL standard
A
i 7 3 i [ € 7 ) ] o 11 2 13 1 5 7 F] 3 i [3 € 7 3 $ 0T DL 15
Time, min Time, min
nma =L &
Masterview [ IEQER SE Hib SGEEERP o arug AY
c HNumber -
E Wit file Name Ranas ::"u‘:‘.:“ # | -sjo:/ —:’/’f/"vf Name Formula Moss (Da) | Adduet  DHTRCHOn i (Da)  ExPecied  ATMMAdh - Coundy
unknown 7 Sample 1 o (87 v SV AM2201 4-Hydroxypentyl metabolite C24H22FNOZ 37516346 He [@7eA7073| o002 9.76 2 . 974
unknown B Sample 1 0 287 v vV Catfeine CBHION4D2 19408038  He | 19508765 | 002 638 2 | eam
Sample 1 3 | l 17 W/ JWH-D19 -hydroxyhexyl metabolite C25H25N02 37118853 He | 37218881 002 10.05 2 . 1005
[Sample 1 | 6] S I B o /S [ R O B eyt mstebalia | Caem aenin | . ieeen, | He SRR P naa s a2 [
e v v Tiagabine C20H25NO2S2 37513267 H+ | 37613888 o0.02 899 2 N
Sample 1 a v YTY Y]
Pasitive result: equal or better v/ v/ v/ W/ W/ 0 ¥
Sample: | unknown 10(Sample 1) ~ Centrel | 10 ng_mL 1(Sample 1) hd Rows 1228
L I S R e e el e W N =T ) R R EA N N e AR e e =) hd
Y 10 1) - unknown 10, 1. 4TOF MS (100 - 1000) from 10,039 o 10.064 min +|-es " * 10 1) unknown 10 B +TOF M52 (50 - 1000) from 10,046 min +
® CIEHENO2 He - Precursor: 3/2.2 Da. CE- 350 C -
g ® Lm:;; Spectrum: JWH-018 5-hydroxyhesxy| metabolite (1435934-47-6) , CE=35215 &
72,1966 % .
000 Unknown z wos Acquired TOF-MS/MS
o0 ER 127 0880 2001473 2673980 37271048
i 5 . |28 0as2 | 1545502 [ 2261258 aaa13r2 | 24007 ssage21 |
I - TOF-MS - | |
373 1997 £ " 1
2000 3 wj Library TOF-MS/MS
arzo ) 725 3no0 3736 3740 - 3748 3750 3755 80 80 100 120 140 160 180 200 220 240 260 280 300 20 340 360
Mass/Charge, Da Mass/Charge, Da
Figure 23. Quickly search other samples and review their results
p 16
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Figure 24. Quantitation through MultiQuant™ Software and Reporting
e The f‘traffic lights’ visualize the confidence of compound samples that contain targeted compounds that are present
identification in your sample(s) for each processing above a cutoff level (Figure 22)
parameter. e And, of course if you identify a positive, the next step is to
¢ Note that the XIC results are shown relative to the processing confirm the concentration via a full calibration curve.
options you set-up. Masterview™ Software has a direct link to create a
. . . il 1 i i 1 ™
« Review accurate mass MS and MS/MS spectra by clicking the guantitation method that can be imported into MultiQuant
‘Show MS and MS/MS button’ (Figure 21). software for fast quantitation if you also ran compound
. . . standards in your acquisition batch (Figure 24).
e The acquired MS and MS/MS spectra are displayed in blue y q (Fig )
(Figure 21). e Or the screening results can be quickly generated as a report
. . . . Figure 24).
e The theoretical isotopic pattern of the molecular ion and the (Fig )
library MS/MS spectra for the compound are displayed in gray
(Figure 21).
e Combining chromatographic, accurate mass MS and MS/MS
information results in highest confidence of compound
e g P Summary
identification
e The XIC result table can be saved for future review and High resolution and accurate mass LC-MS/MS was used to
processing screen for and identify NPS in urine samples. The AB SCIEX

TripIeTOF® system was operated in IDA mode to acquire MS

e The comparative screening and identification workflow allows . . :
and MS/MS information simultaneously.

a quick semi-quantification finding to identify unknown
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The MasterView™ add-in of PeakView® software was used to
compare samples to a blank control using a non-targeted peak
finding algorithm to identify unexpected compounds in suspicious
samples. The Formula Finder and automatic ChemSpider search
is a useful and easy-to-use tool for identification if the MS/MS
library search does not return a hit for a compound of interest.

Any unknowns that are found can easily be added to the
targeted analysis buy including the identified formula and
retention time to the targeted XIC list. This now becomes part of
the routine analysis workflow.

The comparative screening and identification workflow allows a
quick semi-quantification finding to identify unknown samples
that contain targeted compounds that are present above a cutoff
concentration level. The workflow combines chromatographic,
accurate mass MS and MS/MS information results for highest
confidence in compound identification.

For additional support on this and other AB Sciex products, visit
our website or email us at support@absciex.com.
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