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An investigation of the stability of emerging
new psychoactive substances
Yan Ni Annie Soha and Simon Elliottb*
The evolving nature of new psychoactive substances (NPS) – often referred to as ‘legal highs’, ‘designer drugs’ or ‘bath salts’ –
presents an evolving challenge for toxicologists. Apart from the detection and identification of these compounds, further
analytical challenges may arise from the presence of possible metabolites or degradation products which may have to be
considered when devising an analytical strategy. Whilst there has been some stability research for some more established
drugs of abuse and medicinal products, data on emerging NPS are less abundant. In order to address this need, 13 NPS
(4-MEC, MDAI, methoxetamine, 5-MeO-DALT, 6-APB, MPA, 5-IAI, MDAT, 2-AI, AMT, 25C-NBOMe, AH-7921, 5-MAPB) were
spiked in blood and plasma and kept at room temperature (20–23 °C). Detection and identification of the suspected
breakdown products were carried out by high performance liquid chromatography with diode-array detection (HPLC-DAD),
liquid chromatography-tandem mass spectrometry (LC-MS/MS), and ultra high performance liquid chromatography with high
mass accuracy quadrupole time-of-flight mass spectrometry (UHPLC-Q-TOF-MS). 4-MEC became undetectable in blood within
14days with a corresponding loss of 54% in plasma. A breakdown product was identified as dihydro-4-MEC which was also
found in vivo in a case work sample. Storage of AMT led to a range of potential breakdown products which were also found
in vivo. The remaining substances were found to be stable for at least 21days in blood and plasma. This is the first time
stability data have been published for these emerging substances and showed that additional compounds found during
forensic casework were potential metabolites rather than instability products. In particular, presumptive metabolites of
25C-NBOMe and AH-7921 are presented. Copyright © 2013 John Wiley & Sons, Ltd.
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Introduction

New psychoactive substances (NPS), also known as ‘legal highs’,
‘designer drugs’, or ‘bath salts’, are continuously emerging on
the recreational and illicit drug market. In the UK, a range of these
substances may not be covered by the Misuse of Drugs Act
(1971). They are mainly synthetic derivatives and analogues of
existing controlled drugs, analogues of pharmaceutical products,
and naturally occurring compounds such as herbs, fungi,
and their extracts which aim to produce psychoactive effects.
Whilst a number of phenethylamines, cathinones, tryptamines,
piperazines, synthetic cannabinoids, and a handful of other NPS
that appeared earlier have been controlled, designer drugs that
mimic the psychoactive effects of controlled substances continue
to be available and are produced at a fast pace.[1,2] Through
chemical alterations, these new synthetic substances aim to fall
outside of drug legislation. To date, there are very limited
pharmacological and analytical data of NPS available, and the
diversity of NPS formed make detection, monitoring and control
more challenging.
Whilst medicinal drugs generally have established pharmacoki-

netic and stability properties, data for various NPS are lacking.
In particular, there is little information regarding the chemical
stability and metabolism of existing and emerging NPS
compounds. Mechanisms involved in the chemical conversion
of compounds that occur both during enzymatic metabolism
and degradation due to instability, may include reduction,
oxidation, and hydrolysis. In some cases, a metabolite might also
be formed as a consequence of instability during storage and one
example may be found in morphine that is both a metabolite and
Drug Test. Analysis 2014, 6, 696–704
a hydrolysis product of heroin (diacetylmorphine). In the analysis
of heroin in biological fluids, the parent compound will not be
detected as it rapidly metabolizes to 6-monoacetyl morphine
(6-MAM) and subsequently morphine, which then undergoes
glucuronidation to morphine-3-glucuronide (M-3-G) and
morphine-6-glucuronide (M-6-G).[3] Non-specific hydrolysis of
the glucuronides has been observed in post-mortem blood and
plasma samples. This affects the concentration ratio of morphine
and its glucuronides, which is important for the determination of
time of drug administration.[4] Cocaine is known to hydrolyze to
benzoylecgonine and ecgonine methyl ester by esterase
enzymes and spontaneous non-enzymatic processes.[5] The
veterinary drug acepromazine (acetylpromazine) undergoes
reduction to 2-(1-hydroxyethyl)promazine, which has been
detected as both a metabolite and an instability product in whole
blood.[6] The anti-spasmodic drug mebeverine hydrolyzes to form
mebeverine alcohol and veratric acid during both in vivo metabo-
lism and chemical degradation. Enzymatic metabolism studies also
revealed metabolites following N- and O-demethylation, and
aromatic hydroxylation of mebeverine alcohol and veratric acid.[7,8]
Copyright © 2013 John Wiley & Sons, Ltd.



An investigation of the stability of emerging new psychoactive substances

Drug Testing

and Analysis
In analytical toxicology, the analysis of compounds in
biological samples very often not only involves the detection of
parent compounds, but also their metabolites and/or breakdown
products due to metabolism of drugs in the body as well as the
instability of the compound itself. Whilst metabolism occurs in
the body through the action of enzymes under physiological
conditions, the instability of compounds is affected by external
environmental factors such as temperature, pH, light exposure,
the type of matrix, as well as duration of storage.

Samples could be held for days before being submitted for
toxicological analysis, or kept for repeat analysis where required.
During this period, certain compounds may start to break down
in the matrix and by the time of analysis, there may be the
presence of degradation products in addition to the actual
compounds and their metabolites. In extreme cases, total
conversion of all parent compounds to metabolites and/or
breakdown products may be observable. A stability test carried
out for the analysis of cathinones reported approximately
20–80% degradation in five days at 20±2 °C and approximately
15–20% loss in six days at 5 ± 2 °C in human blood at physiological
pH, even in the presence of fluoride-oxalate preservative.[9]

Another investigation of the breakdown of methcathinones, in
particular 4-methylmethcathinone (mephedrone), reported an
oxidation pathway of mephedrone stored at 22 °C in alkaline
buffer with and without antioxidants and the stability of various
methcathinone analogues.[10]

In the study described here, high performance liquid
chromatography coupled with diode-array detection (HPLC-DAD),
liquid chromatography with hybrid linear ion trap tandem mass
spectrometry (LC-MS/MS) coupled with DAD, and ultra-high
performance liquid chromatography with high mass accuracy
quadrupole time-of-flight mass spectrometry (UHPLC-Q-TOF-MS)
were employed to investigate the stability of 13 recently
emerged NPS (Figure 1) in whole blood and plasma. Where
appropriate, the presence of breakdown products were
Figure 1. New psychoactive substances selected for the stability study.
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compared to the detection of products and/or metabolites in
forensic case work samples where these NPS were involved.
Materials and methods
Chemicals and reagents

Triethylammonium phosphate (TEAP, 1.0M) buffer solution
(pH 3.0) was supplied by Fluka (Dorset, UK); HPLC-grade
acetonitrile (MeCN) and HPLC-grade 1-chlorobutane were
supplied by Rathburn Chemicals Ltd (Walkerburn, Scotland, UK).
Amitriptyline hydrochloride, 4-methylethcathinone (4-MEC), 5, 6-
methylenedioxy-2-aminoindan (MDAI), methoxetamine hydrochloride,
5-methoxy-N,N-diallyltryptamine (5-MeO-DALT), 6-(2-aminopropyl)
benzofuran hydrochloride (6-APB), methiopropamine (MPA), 5-iodo-
2-aminoindan (5-IAI), and 6,7-methylenedioxy-2-aminotetralin hydro-
chloride (MDAT), 2-aminoindan (2-AI), sertindole, α-methyltryptamine
(AMT), 2-(4-chloro-2,5-dimethoxyphenyl)-N-[(2-methoxyphenyl)
methyl]ethanamine (25C-NBOMe), AH-7921, 1-(benzofuran-5-
yl)-N-methylpropan-2-amine (5-MAPB) and sodium borohydride
(NaBH4) were obtained from LGC Standards (Teddington, UK),
Sigma-Aldrich (Dorset, UK), or donated by Dr Simon Brandt
(Liverpool John Moores University, UK). Equine blood and plasma
were purchased from TCS Biosciences Ltd (Buckingham, UK).

Instrumentation

HPLC-DAD was carried out on a Dionex 3000 Ultimate liquid chro-
matography system coupled to a UV diode array detector (Thermo
Fisher, St Albans, UK), using a Phenomenex Synergi Fusion column
(150mm x 2mm, 4μm) protected by a 4mm x 3mm Phenomenex
Synergi Fusion guard column (Phenomenex, Cheshire, UK).

An ABSciex 3200 QTRAP mass spectrometer coupled to an
Agilent 1200 HPLC-DAD system (ABSciex, Cheshire, UK) was used
iley & Sons, Ltd. wileyonlinelibrary.com/journal/dta
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for LC-MS/MS analysis. Chromatographic separation was based
on a Phenomenex Gemini column (150mm x 2mm, 5μm)
protected by a Phenomenex Synergi Gemini 4mm x 3mm guard
column (Phenomenex, Cheshire, UK).
The UHPLC-high resolution Q-TOF-MS system was an Agilent 6540

UHD Accurate-Mass Q-TOF LC-MS coupled to an Agilent 1290 Infinity
UHPLC system (Agilent, Cheshire, UK). Chromatographic separation
was based on an Agilent Zorbax Eclipse Plus C18 column (100mm x
2.1mm, 1.8μm) (Agilent, Cheshire, UK).

HPLC-DAD conditions

Mobile phases used were 70% MeCN with 25mM of TEAP buffer
and aqueous solution of 25mM TEAP buffer. A gradient elution
was used starting with 4% MeCN ramping to 70% MeCN in
15min and held for 3min, with total acquisition time of 18min
at a flow rate of 0.6mL/min. The diode array detection window
was 200 nm to 595 nm (collection rate 2Hz). Chromatographic
peaks were identified by comparison of the UV spectrum and
retention index (RI) values with the Chromeleon library.

LC-MS/MS conditions

For HPLC analysis, the mobile phases consisted of 70%
acetonitrile with 1% formic acid whereas the aqueous mobile
phase was 1mM ammonium formate with 1% formic acid. The
column was maintained at 30 °C with 0.8mL/min flow rate and
21min acquisition time. The elution was a 3–19% MeCN gradient
ramp over 5min, then up to 25% MeCN in 5min, followed by an
increase to 65% MeCN in 9min and held for 1min. LC-MS data
was acquired in positive enhanced mass spectrum (EMS) mode
scanning from 70 to 800m/z with information dependent (above
10 000 cps) enhanced product ion mass scanning (EPI) from 50 to
800m/z. The collision energies (CE) for EPI were set at 20, 35, and
50 eV, in addition to collision energy spread (CES) of 35 V± 15 eV.
Ionization was achieved with Turbo V electrospray source. The
ABSciex 3200 QTRAP MS parameters were: source temperature:
500 °C, curtain gas: 40 units, Gas 1: 40 units, Gas 2: 55 units, ion
spray voltage: 5000 V, collision gas: high, declustering potential:
40 V, entrance potential: 5 V, scan rate: 1000 amu/s (EMS) and
4000 amu/s (EPI) and linear ion trap (LIT) fill time: 20ms.

UHPLC-Q-TOF-MS conditions

UHPLC separation employed a mobile phases consisting of 100%
MeCN with 1% formic acid and an aqueous solution of 1% formic
acid. The column was maintained at 40 °C with a 0.6mL/min flow
rate and 5.5min acquisition time. The elution was a 5-70% MeCN
gradient ramp over 3.5min, then up to 95% MeCN in 1min
and held for 0.5min before returning to 5% MeCN in 0.5min.
Q-TOF-MS data were acquired in positive mode scanning from
100 to 1000m/z with and without auto MS/MS fragmentation.
Ionization was achieved with an Agilent JetStream electrospray
source and infused internal reference masses. Agilent 6540 Q-TOF-MS
parameters: gas temperature 325 °C, drying gas 10 l/min and
sheath gas temperature 400 °C. Internal reference masses of
121.05087 and 922.00979m/z were used.

Stability study

Sample preparation

Methanolic stock solutions for the compounds were prepared at
1 g/L. Aqueous standards of 0.1 g/L were prepared by a 10-fold
dilution with distilled water. Amitriptyline (which has not been
wileyonlinelibrary.com/journal/dta Copyright © 2013 Jo
reported to be an unstable drug) was used as an internal
‘negative’ control and was added to all blood and plasma
incubates to produce a within-matrix concentration of 2mg/L. An
aliquot of each of the studied compounds (0.2mL) was spiked indi-
vidually into both blank equine blood and plasma to give a within-
matrix concentration of 2mg/L. All aqueous and biological samples
were kept at room temperature (20–23 °C) to assess potential
breakdown. Extractions were carried out on days 0, 1, 2, 3, 7, 14,
21, and 28 for AMT, 6-APB, MPA, 5-MAPB, 25C-NBOMe and AH-
7921 and extended to day 37 for 4-MEC (plasma), methoxetamine
(blood and plasma) and 5-MeO-DALT (blood and plasma), respec-
tively. The aminoindans (MDAI, 2-AI, 5-IAI) and MDAT were pre-
pared as described above, but in a separate batch. The samples
were extracted at times 0, 2, and 4h after spiking, and subsequently
on days 1, 2, 7, 14, and 21, and then on day 28 for the MDAI and
MDAT samples. The aqueous standards prepared for spiking of
the blood and plasma samples were analyzed on the day of prepa-
ration and after HPLC-DAD of the blood and/or plasma samples
showed the presence of suspected breakdown products.

Liquid-liquid extraction

A 0.2M Na2CO3 solution (0.5mL, pH 10) containing sertindole as
the internal standard (1mg/L) was added to 0.5mL of sample,
followed by the addition of 5mL of 1-chlorobutane in 12-mL
polypropylene tubes. After 3min of shaking and 3min of
centrifuging at 3300 rpm, the supernatant was transferred to a
second polypropylene tube. Drugs were back-extracted into
100μL of 0.05M H2SO4, shaken and centrifuged for 3min for
each process. The organic phase was then aspirated, and the acid
layer was transferred into a vial for LC injection.

Analytical protocol

The HPLC-DAD, LC-MS/MS and UHPLC-Q-TOF-MS procedures were
based on the application of previously published methods.[11,12]

The selected compounds consisting of designer drugs and prescrip-
tion drugs with the selected ‘negative’ control amitriptyline, which
is known to be a stable compound,[13,14] were analyzed initially
using HPLC-DAD to monitor any degradation. Compounds were
identified using the retention index value (RI) and UV spectral
matching.[11] The percentage changes of compounds in the matri-
ces were calculated as a ratio of peak height of analyte against am-
itriptyline peak height, plotted as a function of time. The purpose
was to establish the stability profile of the selected compounds,
and to identify any breakdown products within the period of study.
Once a change in compound response and any suspected break-
down products had been observed, LC-MS and Q-TOF-MS were
used to investigate the identity of any products formed.

Case studies: identification of metabolites

As part of the diagnostic process for forensic and post-mortem
toxicology casework, the presence of possible or suspected
metabolites were investigated in cases where the studied
compounds were detected during routine toxicological analysis.
The presence of any suspected metabolites was compared to the
detected ‘instability’ products observed during the stability study.

Results and discussion

Stability study

From the relative (UV absorbance) response of the analytes to
amitriptyline against time, the NPS methoxetamine, 5-MeO-DALT,
hn Wiley & Sons, Ltd. Drug Test. Analysis 2014, 6, 696–704
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6-APB, MPA, 5-MAPB, 25C-NBOMe, AH-7921, MDAI, 2-AI, 5-IAI
and MDAT were found to be stable over 21 days in both blood
and plasma stored at room temperature. Instability was noted
for 4-MEC and AMT.

4-MEC

A single, strong absorbance at 263 nm (Figure 2a) on the UV
spectrum was characteristic of cathinones and showed an RI value
of 151. Initial HPLC-DAD analysis showed a decrease in 4-MEC
concentration in the blood sample from day 1, until it became
undetectable on day 14. On day 7 in blood, the UV spectrum of
the 4-MEC chromatographic peak at the same RI was different,
exhibiting absorbance maxima at 212nm and 262nm (Figure 2b)
which indicated a change in the chemical structure of themolecule
and a potentially altered chromophore and hence UV absorbance.
Figure 2. Absorbance spectrum of (a) 4-MEC and (b) dihydro-4-MEC, (c) Rela
samples. RSD was calculated from amitriptyline peak heights across the sam

Drug Test. Analysis 2014, 6, 696–704 Copyright © 2013 John W
The percentage increase in the concentration of this breakdown
product detected was not proportional to the amount of decrease
in the concentration of 4-MEC. The 4-MEC plasma sample also
showed a decrease in 4-MEC but no other peaks indicative of the
formation of 4-MEC degradation products were found, including
the peak seen in blood. The percentage loss of 4-MEC was
calculated to be 92% and 50% in blood and plasma respectively,
on day 7. By day 14, there was 100% loss and 54% loss of 4-MEC
in the blood and plasma, respectively (Figure 2c). A trace amount
of 4-MEC was still detectable in the day 37 plasma incubate. In
comparison, the amount of 4-MEC in the aqueous standard
remained unchanged after 41 days of storage at room temperature.

Cathinones have been known to be unstable in blood at pH 7.4
at room temperature. [9] Of these, mephedrone (4-methyl-N-
methcathinone) is one of the more commonly encountered
cathinones and therefore more widely researched. Mephedrone
tive response of 4-MEC with respect to amitriptyline in blood and plasma
pling times throughout the study.

iley & Sons, Ltd. wileyonlinelibrary.com/journal/dta
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was found to become undetectable in whole blood and plasma
samples when stored at 22 °C for 14 days whereas 3,
4-methylenedioxypyrovalerone (MDPV) was found to be stable.[15]

However, further data on the nature of degradation products
were not provided.[9,15] In vivo metabolism of mephedrone and
its metabolites in blood and urine had been identified and
quantified using ultra performance liquid chromatography
tandem mass spectrometry (UPLC-MS/MS) and UPLC-Q-TOF.[16]

The authors reported the detection of metabolic products
following the reduction of the ketone function to the alcohol,
N-dealkylation, hydroxylation of the 4-methyl substituent and
subsequent oxidation to a carboxyl group.[16,17] In this study, 4-
MEC was expected to breakdown (both due to enzymatic reac-
tion and instability) in the same process as mephedrone as both
compounds have very similar chemical structures (Figure 3).
Using LC-MS/MS and Q-TOF-MS, the breakdown product

found by HPLC-DAD (Figure 2b, RI value of 151) was identified
as dihydro-4-MEC (Figure 4). Accurate mass software calculated
dihydro-4-MEC [M+H]+ to be 194.15394 (C12H19NO) and
m/z 194.15835 was found with fragmentation to m/z 176.14272
and 148.11127. Dihydro-4-MEC was the only breakdown product
detected in the blood and plasma. The presence of dihydro-4-
MEC was confirmed by UV and mass spectral data of the
chemically synthesized compound from NaBH4 reduction of
4-MEC which is a recognised technique for ketone conversion
to a hydroxyl group.[18] The non-proportional production but
significant degradation of 4-MEC suggested other breakdown
processes may have occurred. It is possible that alternative routes
of degradation produced a compound or compounds that did
not have a suitable chromophore for UV absorbance (i.e. could
not be detected by UV-DAD) and/or resulted in many molecules
some of which may have had very small masses and affected
chromatographic separation (i.e. did not retain on column) and
detection either by UV and/or MS. The latter is unlikely as such a
process has not been reported before for mephedrone. Basic back
extraction was capable of extracting 4-MEC and amitriptyline, but
the instability product(s) of 4-MEC may not have had the same
chemical nature hence a lower extraction efficiency. As such the
disappearance of 4-MEC in the spiked samples and presence of
Figure 3. Predicted metabolism of 4-MEC.

wileyonlinelibrary.com/journal/dta Copyright © 2013 Jo
only a corresponding trace amount of dihydro-4-MEC cannot be
easily explained. Even if one looks to the metabolism of 4-MEC
it might also be expected to form 4-methylcathinone
(N-desethyl-4-MEC, nor-mephedrone), hydroxytolyl-4-MEC, nor-
hydroxytolyl-4-MEC and nor-dihydro-4-MEC (Figure 3) with
reference to the in-vivo metabolism studies reported by Pedersen
et al. and Meyer et al. besides the dihydro-cathinone breakdown
product identified.[16,17] During the stability study reported here,
these three metabolites were not detected by accurate mass
suggesting that the formation of dihydro-4-MEC in both matri-
ces might have been a consequence of in-vitro instability.

AMT

AMT was detected by the HPLC-DAD at an RI value of 143 with
UV absorbance at 218 nm and 279 nm. Comparatively minor
chromatographic peaks with UV spectra characteristic of
tryptamine-like compounds were observed in the incubates from
day 0 at RI values 183 (peak 1), 194 (peak 2), 200 (peak 3) and 217
(peak 4) (Figure 5). The relative concentration of AMT showed a
generally decreasing trend from day 0 to day 7 and thereafter
remained constant until day 28. Of the detected breakdown
products, peaks 1 and 2 were present at the same comparative
levels for the entire 28 days of study. However, peaks 3 and 4
showed a 40% increase in relative concentration between day
0 and day 7 and then remained constant until day 28.

Accurate mass software calculated AMT [M+H]+ to be 175.12297
(C11H14N2) and m/z 175.12222 was found with fragmentation to
m/z 158.09601, 143.07280 and 130.06441. LC-MS/MS (Q-TOF-MS)
results of the unknown tryptamine-like peak 1 gave m/z 215.2
(215.15404) with fragments at m/z 172.3 (172.11188), 157.2
(157.08814) and 144.2 (144.08043). Peaks 2-4 gave m/z 229.3
(229.17021) with fragments at m/z 186.2 (186.12783) and 144.2
(144.08017), suggesting compounds (fragments) with molecular
formulae C14H18N2 (C12H13N, C11H10N and C8H19N2) for peak 1
and C15H20N2 (C13H15N and C10H9N) for peaks 2–4. Despite their
detection by LC-MS and Q-TOF-MS, it was not possible to
elucidate the structure of these compounds. Previous research
on the metabolism of AMT and other tryptamine compounds
hn Wiley & Sons, Ltd. Drug Test. Analysis 2014, 6, 696–704



Figure 4. UHPLC-QTOF-MS (a) Total ion chromatogram and representative ESI and product ion spectra of (b) dihydro-4-MEC and (c) 4-MEC.
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proposed metabolism by hydroxylation,[19,20] however, none
matched the suggested compounds based on predicted accurate
mass. The suspected degradation products found in this study were
also detected in actual forensic case samples relating to AMT usage
(Figure 5a). Therefore, it was impossible to determine whether these
analytes were metabolites and/or instability products.

Aminoindans and MDAT

As far as the studied aminoindans and MDAT were concerned,
there was no apparent decrease in the relative concentration of
Drug Test. Analysis 2014, 6, 696–704 Copyright © 2013 John W
the analytes from the initial screening with HPLC-DAD. No
breakdown products were detected in the 2-AI and 5-IAI blood
or plasma incubates. A very small chromatographic peak at RI
value 189 was observed in the blood samples of MDAI and
MDAT from day 7 and the UV spectra suggested that both
drugs had possibly converted to a similar compound in blood.
Further analysis of MDAI and MDAT blood and plasma samples
were then carried out with LC-MS/MS and Q-TOF-MS but
molecular structural information could not be obtained due to
a very low concentration and associated low abundance of
precursor ions. However, as there was no change over the 28-day
iley & Sons, Ltd. wileyonlinelibrary.com/journal/dta



Figure 5. (a) Chromatogram of PM case urine sample (black) and AMT plasma incubate (red); (b) UV absorbance spectra of AMT and Peak 1-4.
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Table 1. Compounds and their respective metabolites found in forensic casework samples using UHPLC-QTOF-MS

Compound Molecular formula Theoretical mass [M+H]+ m/z found Fragments (m/z)

4-MEC C12H17NO 192.13829 192.13819 174.12937

Dihydro-4-MEC C12H19NO 194.15394 194.15503 176.14351

N-desethyl-4-MEC (Nor-4-MEC) C10H13NO 164.10699 164.10747 146.09717

Nor-dihydro-4-MEC C10H15NO 166.12264 166.12211 148.11880

Hydroxytolyl-4-MEC C12H17NO2 208.13321 208.13342

AH-7921 C16H22Cl2N2O 329.1182 329.11880 284.05955, 189.98030, 172.95319

N-desmethyl-AH-7921 C15H20Cl2N2O 315.10255 315.10181 284.05866, 189.98080, 172.95434

N,N-didesmethyl-AH-7921 C14H18Cl2N2O 301.0869 301.08594 248.06036, 189.98187, 172.95559

25I-NBOMe C18H22INO3 428.07171 428.07303

25H-NBOMe C18H23NO3 302.17507 302.17743

25B-NBOMe C18H22BrNO3 380.08558 380.08717

25H-NBOMe C18H23NO3 302.17507 302.17824

25C-NBOMe C18H22ClNO3 336.1361 336.13608 121.06513

O-desmethyl-25C-NBOMe C17H20ClNO3 322.12045 322.11809 121.0611

O-didesmethyl-25C-NBOMe C16H18ClNO3 308.1048 inconclusive
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period for relative MDAI or MDAT concentrations in the blood or
plasma incubates, the compound would not be considered to be
a particularly significant breakdown product, irrespective of its
identity.

Overall, the results for the new psychoactive substances
studied may allow speculation about the stability of related drugs
within a particular compound class. For example, 25C-NBOMe
was seen to be stable under the conditions used in this study. It
would be envisaged that the related N-(2-methoxybenzyl)
analogues, such as 25I-NBOMe or 25B-NBOMe, might behave
similarly. The results for AMT and 5-MeO-DALT, however, showed
a difference in stability which indicated that generalizations
about the tryptamine group may be less applicable. This was also
observed to some extent with the aminoindans MDAI, 5-IAI
and 2-AI, whereby only MDAI showed potential instability.
Nevertheless, as 6-APB and 5-MAPB proved to be stable, it is
likely that their positional isomers (e.g. 5-APB and 6-MAPB) as
well as the APDB isomers may also be stable. Finally, MPA,
methoxetamine and AH-7921 were also found to be stable under
the conditions studied which might be a relevant observation as
these substances have increasingly occurred during forensic
casework in the laboratory.[21]

Case studies: identification of metabolites

LC-Q-TOF-MS results from analysis of forensic case samples which
led to the detection of possible instability products and/or
unknown metabolites are presented in Table 1. Cases involving
4-MEC revealed compounds with accurate masses (and major
fragments) at m/z 192.13819 (174.12937), 194.15503 (176.14351),
164.10747 (146.09717) and 166.12211 (148.11880) which were
postulated to be the parent compound 4-MEC, dihydro-4-MEC,
nor-4-MEC and nor-dihydro-4-MEC present in urine samples.
A compound with m/z 208.13342 suggested hydroxytolyl-4-MEC.
The concentration of hydroxytolyl-4-MEC detected was low
compared to the dihydro and N-dealkylated metabolites which
support the predicted metabolic pathway reported by Pedersen
et al. and Meyer et al.[16,17]

From the chemical structure of AH-7921, it was expected to
metabolize by N-dealkylation to form N-desmethyl- and N,N-
didesmethyl-AH-7921. AH-7921 was detected in two forensic
cases, one where the drug was suspected and one where its
Drug Test. Analysis 2014, 6, 696–704 Copyright © 2013 John W
use was not indicated. In both cases, and in addition to AH-
7921, the predicted N-dealkylated metabolites were found in
post mortem blood and urine. The fragmentation of all three
species detected formed ions of m/z 284.06, 189.98 and 172.95.
Further investigation identified a potential oxidation product,
possibly a hydroxylated or N-oxide metabolite.

A fatal case potentially due to 25B-NBOMe usage and two
related cases suspecting the usage of 25I-NBOMe revealed
the parent compound present in the biological samples
collected, i.e. blood and urine in the case of suspected 25B-
NBOMe use and serum in the case of suspected 25I-NBOMe
use. LC-MS/MS and UHPLC-Q-TOF-MS analysis showed the
presence of other compounds, possibly metabolites, present in
all three case samples. Fragmentation of NBOMe compounds
by the Q-TOF-MS was characterized by a distinct m/z 121 of the
N-(2-methoxy)-benzyl fragment.[22,23] One potential metabolite
or impurity identified was 25H-NBOMe. Another case which
included the detection of 25C-NBOMe in blood and urine
samples, showed the presence of a possible metabolite,
suspected to be an aromatic ring O-desmethyl derivative
since the m/z 121 fragment was retained. A minor trace of a
potential didesmethyl-25C-NBOMe metabolite was also detected,
but the relative concentration was too low to provide further
structural information.
Conclusion

The newpsychoactive substances 6-APB, MPA, 5-MAPB, 25C-NBOMe,
AH-7921, MDAI, 2-AI, 5-IAI and MDAT showed stability in blood
and plasma after 28 days and after 37 days for methoxetamine
and 5-MeO-DALT. 4-MEC showed significant degradation with
a higher rate of decrease in the blood compared to plasma. Spe-
cifically, there was 92% loss by day 7 with complete degradation
by day 14 in blood. Analysis identified a breakdown product to
be dihydro-4-MEC but this did not account for the proportional
degradation. In casework, and in addition to dihydro-4-MEC,
other 4-MEC derivatives and related compounds for 25I-NBOMe,
25B-NBOMe, 25C-NBOMe and AH-7921 were detected in biolog-
ical fluids analyzed during case work. As results from this study
showed these drugs were stable under ambient conditions in
blood and plasma it can be concluded that the compounds were
iley & Sons, Ltd. wileyonlinelibrary.com/journal/dta
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formed from in vivo enzymatic metabolism rather than chemical
instability. For AH-7921 specifically, this is the first time such N-
desmethylated metabolites have been reported. For AMT, whilst
tryptamine-like compounds were detected in casework samples,
the same compounds were also found to be in-vitro breakdown
products. This study provides data to aid the investigation of NPS
in toxicology casework.
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