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This study presents the results of screening using a method based on UPLC in combination with Tof-MSE, The
use of UPLC-Tof-MSF offers unique benefits for drug screening applications due to the acquisition of an

unrestricted dataset with excellent sensitivity. Accurate mass measurement allows the prediction of elemental
composition, which is particluarly beneficial when dealing with situations involving potenetial emerging drugs

and analogs.

Benefits
Sensitive comprehensive toxicological screening method
Accurate mass allows for prediction of elemental composition
Complete dataset permits retrospective analysis

Simple sample preparation

Introduction

Recreational drug use is common in the UK, particularly among those frequenting nightclubs and others within
the night-time entertainment community. The British Crime Survey of 2010/2011 estimated that 8.8% of the adult
population had used illicit drugs in the last year;' whereas, an on-line survey, conducted over the same period by
the dance magazine Mixmag, showed significantly higher use in the population who frequent the night-time
establishments. The survey reported that 50% to 75% of attendees had used MDMA (ecstasy), cocaine, or
mephedrone over the previous year.? Furthermore, a more recent survey of attendees at a London nightclub

indicated that 41% of those surveyed claimed to have used mephedrone over the last month.

In a study designed to assess the feasibility of using pooled urine to confirm which drugs are currently being

used, a series of samples were collected using an adapted portable urinal at a London nightclub.®

Samples were analyzed using a variety of analytical techniques. This study presents the results of screening
using a method based on UPLC in combination with Tof-MSE. The use of UPLC-Tof-MSF offers unique benefits
for drug screening applications due to the acquisition of an unrestricted dataset with excellent sensitivity.
Accurate mass measurement allows the prediction of elemental composition, which is particularly beneficial

when dealing with situations involving potential emerging drugs and analogs.
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Experimental

Urine samples

A series of four pooled urine samples were collected during two separate events using a modified portable urinal

placed on-site at a large south London nightclub.

Event 1. Friday/Saturday (11:00 pm to 4:00 am)

Collection times: 2:00 am (sample #1),
3:00 am (sample #2),

and 4:00 am (sample #3)
Event 2: Saturday/Sunday (11:00 pm to 10:00 am)
Collection time: 10:00 am (sample #4)
Use was both voluntary and anonymous.

Sample preparation

Urine samples were transferred to a vial and diluted 5-fold with mobile phase.
UPLC conditions

System: ACQUITY UPLC

Column: ACQUITY UPLC HSS Cyg 2.1x 150 mm, 1.8 um, part
number 186003534

Column temp.: 50 °C

Sample temp.: 10 °C
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Injection volume: 10 pL

Mobile phase A: 5 mM ammonium formate, pH 3

Mobile phase B: Acetonitrile containing 0.1% formic acid
Weak wash: Mobile phase A

Strong wash: Mobile phase B

Gradient: 15-min gradient flow rate at 400 pL/min

MS conditions

Mass spectrometer: Xevo G2 QTof

lonization mode: ESI+

Capillary voltage: 0.8 kV

Cone voltage: 20V

Acquisition mode: MSE

Collision energy: Ramped from 10 to 40 eV (MSF)

Data management

MassLynx robust software solutions including Chromalynx, TargetLynx, and Positive Application Manager in

targeted analysis mode

Results and Discussion
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Data was collected using a Waters Xevo G2 QTof in MSE mode, involving the rapid alternation between two
energy conditions thus, providing the accurate mass of the precursor ion, in addition to fragment ions, for further
confirmatory purposes, as shown in Figure 1. Acquired data were then compared to a comprehensive database,
prepared under the same conditions, containing 1000 drugs and metabolites. All substances contained within the
database have an associated retention time (RT) with >75% of entries containing additional confirmatory ion
data. Substance identification is, thus, based on retention time and a mass ‘fingerprint’ for each analyte, the latter

comprising accurate mass of the precursor ion and up to four fragment ions.

Figure 1. MSF analysis concept (panels A through C). Data show analysis of

a reference standard for 4-Fluoroamphetamine (4-FA) for the purpose of

appending to the database. With MSF, full scan accurate mass is collected

simultaneously under low- and high-energy conditions (panel A).

Fragmentation of the parent molecule occurs within the T-Wave collision

cell of the instrument (panel B). Low (lower-trace) and high energy (upper-

trace) spectra are always available for every component (panel C).

A total of 72 parent drugs and their metabolites were detected in the four samples. Detected drugs could be

broadly divided into the following categories:
Classical recreational drugs
Novel psychoactive compounds

Potential adulterants

Prescription/over-the-counter medications

Each of the four samples contained several of the substances listed in Table 1. Detection of the metabolites
confirmed the presence of drugs that were actually being used and metabolized by individuals rather than

measuring unused drug materials that had simply been discarded into the urinal.
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Group Drug Metabolite(s) detected

Amphetamine +
Cocaine +
. Ketamine +
Classical
Methamphetamine
Morphine
MDMA +
Mephedrone (4-MMC) +
NRG-2 (4-MEC)
Novel
2-Al
TFMPP +

Table 1. Classical and novel psychoactive substances found in the four

pooled urine samples.

A number of potential adulterants were also detected in the samples including the following: diltiazem,
levamisole, caffeine, lidocaine, and quinine. In addition, prescription or over-the-counter medications identified
included anti-depressants, benzodiazepines and other sedatives, anti-histamines, anti malarials, anti-virals, nasal

decongestants, analgesics, and proton pump inhibitors.
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- 24N 4-MMC) (CL1H15NO, m/z 178.1232, Fragment m/z145.0891, 3.08 min)
&F Adrenaline (COHL3NO3, m/z 184.0974, Fragment m/z 166.0868, 0.80 min)
4 Adrenalone (COHI1NO3, m/z 182.0817, Fragment m/z 146.0606, 1.00 min)
[#-34F Atazanavir (C38H52N607, m/z 705.3976, Fragment m/z 335.1971, 11.11 min)
-{/# Benzoylegonine (C16H19NO4, m/z 290.1392, Fragment my/z 168.1025, 2.95 min)
- Caffeine (CBH10N402, m/z 1950882, Fragment m/z 138.0661, 2.08 min)

P Cetirizine (C21H25CIN203, m/z 389.1632, Fragment m/z 201.0471, 8.28 min)
- 3f® Cocaethylene (C18H23NO4, m/z 318.1705, Fragment m/2196.1338, 5.50 min)
-;/,‘Cocime (C17H21NO4, m/z 304.1549, Fragment m/z 182.1181, 4.50 min)
e} -“?Cminin: (C10H12N20, m/z177.1028, Fragment m,/z 80.0500, 1.07 min)
(1 3€ Ecgonine methyl ester (CLOH17NO3, m/z 200.1287, Fragment m/z 182.1181, 0.80 min)
5. ZFHMMA (C11HITNO2, m/z 196.1338, Fragment my/z 165.0916, 1.20 min)

- Hordenine (C10H15NO, m/z 166.1232, Fragment m/z 121.0653, 1.08 min)

- Ketamine (C13H16CINO, m/z 238.0099, Fragment m/z 125,015, 3.15 min)
(-i%® "Ketamine, Dehydronor” (C12H12CING, m/z 222.0686, Fragment m/z 205.0420, 2.37 min)
B “Ketamine, Demethyl® (C12H14CING, my/z 224.0842, Fragment my/z 1250158, 3.00 min)
-F Levamisole/tetramisole (C11H12N2S, m/z 205.0799, Fragment m/z 178.0690, 2.10 min)
-# MDMA (C11H15NO2, m/z 1941181, Fragment m/z 163.0759, 2.51 min)
-;’fM:thampbﬂmim (C10H15N, m/z150.1283, Fragment m/z 91.0548, 2.47 min)

F Nicotine (C10H14N2, m/z 163.1235, Fragment m/z 130,0657, 1.03 min)

o\

m

(7] Extracted Ion Chromatograms
4-Methylmethcathinone (Mephedrone; 4-MMC)
178.1232

4.605e+005

100+

i Bk ki Rl | T T T min

8.380e+004
Fragment: 145.0891

1004

L kL il L A A Ll L TITTTTI TR min
180 200 220 240 260 280 380 400 420

' Sp:ctmmvim

(= =@=]

100

59.8432 it 6743

Cm (785:789), 4-Methyimethcathinone (Mephedrone; 4-MMC)

2.228e+006
178.1241

160.1132 179.1273

96,9138 126.0222

1004

o 0553

Function 2: Cm (784:788), 4-Methyimethcathinone (Mephedrone; 4-MMC), "Ketamine, Demethyl™

91.0554 |
n

e
147.0815 | 161.1184 192,062
miz

5.509e+005
160.1135

145.0897

125.0164
127.0135
7

178.1239

119.0867
N JJ 1810606
s

B7.
Y
60

e
50

ol b gl |
70 80

gl ok kol ke Hod bl Yo, s b kool il kol e i b i ot o ko, bt gl
90 100 110 120 130 140 150 160 170 180 190 200

Ready

NUM

Figure 2. Screening results example. Screening results for urine sample #2 following MSF analysis and database

matching that identified the presence of numerous illicit substances including mephedrone (4

methylmethcathinone), amphetamines (including MDMA, MDA, methamphetamine), cocaine and metabolites,

ketamine and metabolites. In addition, paracetamol, levamisole and the anti-retroviral drugs, atazanavir and

nevirapine, were detected.

Conclusion

Broad screening techniques used to identify drugs of interest from urine samples provide a critical tool in the

effort to understand regional recreational drug usage patterns. Use of a pooled sample provides a viable,

anonymous biological specimen while avoiding issues related to the limitations and variability associated with

self-reporting methods. This method, performed on a Xevo G2 QTof, demonstrates a sensitive, robust method

that can analyze diluted urine samples and screen against an extensive database containing 1000 toxicologically
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relevant compounds. Ultimately, this method establishes a foundational technique that can be utilized to

establish trends in recreational drug use across any time, geographic, or demographic profile.

A full validation by the user would be necessary prior to adoption in a laboratory.
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