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Analysis of New Designer Drugs in Post-Mortem Blood Using High-Resolution
Mass Spectrometry
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An analytical method was developed and validated for the purpose of
detecting and quantifying 37 new designer drugs including cathi-
nones, hallucinogenic phenethylamines and piperazines. Using only
100 mL whole blood, a salting-out-assisted liquid– liquid extraction
with acetonitrile was performed to isolate target compounds fol-
lowed by chromatographic separation using a Waters ACQUITY
ultra performance liquid chromatograph coupled to a Waters XEVO
quadrupole time-of-flight mass spectrometer. Mephedrone-d3 was
used as an internal standard. A gradient elution was used in combi-
nation with a Waters ACQUITY HSS C18 column (2.1 3 150 mm,
1.8 mm). Samples were analyzed using the detector in positive elec-
trospray ionization mode with MSE acquisition. All compounds of in-
terest were resolved in a 15 min run time and positively identified
based on accurate mass of the molecular ion, two product ions and
retention time. All analyte calibration curves were linear over the
range of 0.05–2 mg/L with most correlation coefficient (r2) values
>0.98. The limits of detection were within the range of 0.007 –
0.07 mg/L and limits of quantification within 0.05–0.1 mg/L. All an-
alytes were stable 48 h after extraction and most were stable in blood
after 1 week stored in a refrigerator and 3 freeze–thaw cycles. No
carryover was observed up to 10 mg/L and no interferences from
common therapeutic drugs or endogenous compounds. Recoveries
ranged from 71 to 100% and matrix effects were assessed for
blank, post-mortem and decomposed blood. All bias and % coefficient
of variation values were within the acceptable values of +++++15 and
�15%, respectively (+++++20 and �20% at lower limit of quantification).
The method was applied to several forensic cases where the subject
exhibited behavior characteristic of designer drug intoxication and
where routine screening for a panel of drugs was negative.

Introduction

Recently, new designer drugs have been flooding the illicit

substances market as a substitute for commonly controlled recre-

ational drugs such as methamphetamine, 3,4-methylenedioxyme-

thamphetamine, and cocaine (1). The most commonly appearing

new designer drugs are the b-keto analogs of amphetamine, oth-

erwise known as cathinones. In addition to cathinones, there are

several other classes of designer drugs including hallucinogenic

phenethylamines (2C-X and 25X-NBOMe classes, where X can

be ‘B’, ‘C’, ‘I’, etc.), and piperazines (e.g., BZP and TFMPP) (2).

Until recently, these drugs were available legally at ‘head shops’

(tobacconists), gas stations and convenience stores and sold as

‘bath salts’ and ‘plant food’ (3, 4). In addition to these outlets,

there are several internet sites which provide a black market for

illicit drugs where users can almost anonymously purchase a

wide range of drugs at wholesale prices using encrypted currency

(5, 6). However, many jurisdictions have implemented legislation

that covers these new classes of compounds to prevent them from

circumventing the current legislative measures placed on well-

known recreational drugs (7, 8). In New South Wales (Australia)

on the 7th October 2013 the Drugs and Poisons Legislation

Amendment (New Psychoactive and Other Substances) Act

2013 commenced. This prohibits the supply, manufacture and ad-

vertisement of any psychoactive substances in NSW. In addition,

the use and possession of these drugs is also prohibited (9).

Several methods have been reported on the detection of these

drugs in biological matrices using GC–MS and LC–MS-MS; how-

ever, there has been very little literature published on the use of

high-resolution mass spectrometry for both detection and quan-

tification of these types of drugs (10–15). The advantages of

high-resolution mass spectrometry over conventional tandem

mass spectrometry instruments includes increased mass resolu-

tion with the ability to distinguish between compounds with

similar nominal masses but different accurate masses. Secondly,

all mass data are recorded simultaneously which allows for retro-

spective data interrogation for new compounds of interest with-

out need for re-extraction or repeated instrumental analysis (16,

17). This is important in cases where sample volumes are limited,

samples are no longer available or they have decomposed over

time. With the lack of reference standards available for new de-

signer drugs, this feature is important for reserving data for a sam-

ple to review when the appropriate standards become available.

The aim of this study was to develop and validate a method ca-

pable of detecting and quantifying 37 designer drugs in whole

blood using liquid chromatography high-resolution time-of-flight

mass spectrometry (LC–QTOF-MS).

Materials and methods

Chemicals and reagents

Cathinone; a-methylaminopropiophenone (methcathinone);

4-methylethcathinone (4-MEC); 4-methylmethcathinone (meph-

edrone); 4-fluoromethcathinone (flephedrone); naphthylpyro-

valerone (naphyrone); 3,4-methylenedioxymethcathinone

(methylone); 3,4-methylenedioxyethylcathinone (ethylone);

butylone (bk-MBDB); pyrovalerone; 3,4-methylenedioxypyrova-

lerone (MDPV); 4-bromo-2,5-dimethoxyphenethylamine (2C-B);

4-ethyl-2,5-dimethoxyphenethylamine (2C-E); 2,5-dimethoxy-

phenethylamine (2C-H); 4-iodo-2,5-dimethoxyphenethylamine

(2C-I); benzylpiperazine (BZP); meta-chlorophenylpiperazine

(mCPP); para-chlorophenylpiperazine (pCPP) and mephe-

drone-d3 were purchased as 1 mg/mL solutions from PM

Separations (Capalaba, QLD, Australia). 3,4-Dimethylmethcathinone

(3,4-DMMC), 4-methoxymethcathinone (methedrone),

a-methylaminobutyrophenone (buphedrone), a-methylaminova-

lerophenone (pentedrone), benzedrone, pentylone (bk-MDPB),

a-pyrrolidinovalerophenone (a-PVP), a-pyrrolidinopropiophenone
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(PPP), methylenedioxy-a-pyrrolidinopropiophenone (MDPPP),

4-methyl-a-pyrrodinobutiophenone (MPBP), methylenedioxy-a-

pyrrolidinobutiophenone (MDPBP), dibenzylpiperazine (DBZP),

para-fluorophenylpiperazine (pFPP) and 3-trifluoromethylphenyl-

piperazine were purchased in either 5 or 10 mg powders from

Cayman Chemical (MI, USA). 2-(4-Bromo-2,5-dimethoxyphenyl)-

N-[(2-methoxyphenyl)methyl]ethanamine (25B-NBOMe),

2-(4-chloro-2,5-dimethoxyphenyl)-N-[(2-methoxyphenyl)-

methyl]ethanamine (25C-NBOMe), 2-(2,5-dimethoxyphenyl)-

N-[(2-methoxyphenyl)methyl]ethanamine (25H-NBOMe) and

2-(4-iodo-2,5-dimethoxyphenyl )-N-[(2-methoxyphenyl )-

methyl]ethanamine (25I-NBOMe) were obtained as 1 mg pow-

der standards from the Illicit Drug Analysis Unit, NSW Forensic

and Analytical Science Service (Lidcombe, NSW, Australia).

Structures for all selected analytes are illustrated in Table I.

HPLC grade methanol and Optima grade acetonitrile were pur-

chased from Thermo Fisher Scientific (North Ryde, NSW,

Australia). MS grade ammonium formate, AR grade formic acid and

AR grade sodium chloride were purchased from Sigma-Aldrich

(Castle Hill, NSW, Australia).

Specimen collection

Blank blood from pig (Susscrofa domesticus) was obtained from

a local butcher and screened to confirm the absence of target an-

alytes. For matrix effect and recovery studies, non-decomposed

and decomposed post-mortem blood samples were obtained

from forensic cases which were submitted to the forensic toxi-

cology laboratory. These samples tested negative for all drugs in

the general screening analysis. Blood samples were stored in a re-

frigerator at 48C until analysis.

Instrumental analysis

Chromatographic separation was achieved using a Waters

ACQUITY Ultra Performance Liquid Chromatography (UPLC)

system coupled to a XEVO QTOF Mass Spectrometer. A sample

volume of 1 mL was injected onto a Waters ACQUITY UPLC

HSS C18 column (150 � 2.1 mm, 1.8 mm particle size) at a tem-

perature of 508C. A gradient elution was used with a flow rate of

0.4 mL/min with a total run time of 15 min. Mobile phase A con-

sisted 5 mM ammonium formate (pH ¼ 3) and mobile phase B

consisted of acetonitrile containing 0.1% (v/v) formic acid.

Mobile phase gradient compositions are shown in Table II.

The QTOF detector was operated in full scan using ESIþ
mode. The capillary voltage for ESIþ was 0.80 kV and the sampling

cone voltage was 20 V. The source temperature was 1208C and

desolvation temperature was 5008C with cone gas flow 50 L/h
and desolvation gas flow rate at 800 L/h. Mass data were acquired

with a mass range ofm/z 50–1,000 in MSE mode using two func-

tions: Function 1 used collision energy of 6 eV and Function 2 used

a collision energy ramp of 10–40 eV (18).

Preparation of stock solutions, working solutions and
internal standard solution

Standards purchased as 1 mg/mL calibrated solutions were trans-

ferred into 2-mL amber sample vials. Standards purchased as

powders were weighed as 1 mg portions and transferred into

2-mL amber sample vials and diluted with 1 mL of methanol.

A mixed working solution containing all target analytes was pre-

pared using methanol at selected concentrations of 0.1, 1 and

10 mg/L. All stock and working solutions were stored in a refrig-

erator at 48C. The internal standard (IS) solution was prepared by

diluting 100 mL mephedrone-d3 (100 mg/L) with a saturated

sodium chloride (NaCl) solution in a 50-mL volumetric flask to

achieve a final concentration of 0.2 mg/L.

Preparation of spiked blood samples

Spiked blood samples were prepared by dispensing the required

amount of mixed standard working solution into a 7-mL polypro-

pylene round-bottom tube. The tubes were placed under a gentle

stream of nitrogen and the solvent was evaporated to dryness fol-

lowed by addition of required amount of blood and capped. The

tubes were vortexed for 30 s, placed on a rotator mixer for

30 min, sonicated for 15 min and then placed for another

30 min on the rotator mixer. Spiked blood samples were stored

in a refrigerator at 48C until extraction.

Extraction procedure

In a 7-mL polypropylene round-bottom tube, 100 mL of spiked or

authentic blood sample was added to 300 mL IS solution, vor-

texed then sonicated for 10 min. Using a calibrated dispenser,

3 mL of acetonitrile was then added to each tube which was

then immediately capped and vortexed. The tubes were sonicat-

ed for 10 min and then placed on an Intellimixer for 20 min fol-

lowed by centrifugation at 6,000 rpm for 10 min. The upper

organic layer was recovered using disposable 3-mL plastic pipettes

and transferred into 5-mL polypropylene flat-based tubes. The

tubes were dried under a gentle stream of nitrogen at room tem-

perature. The resulting residue was then reconstituted with

100 mL of methanol : mobile phase A (1 : 1) and transferred to a

200-mL limited volume TPX (Thermo Fisher Australia, Scoresby,

VIC) vial and capped with lids with presplit septa.

Method validation

The reported method was validated for selectivity, calibration/
linearity, accuracy, precision, limit of detection (LOD), limit of

quantification (LOQ), matrix effect, recovery and stability ac-

cording to internationally recognized guidelines (19–22).

Selectivity

For the selectivity study, two sets of samples were prepared at

0.1, 0.5 and 1 mg/mL. Set 1 consisted of the designer drug

mixed standard, while Set 2 contained both the designer drug

mixed standard and a mixed basic standard. The mixed basic

standard contained 86 other basic drugs used for routine screen-

ing which included common pharmaceuticals and illicit drugs.

Set 1 was prepared by adding 50 mL aliquots of mephedrone-d3
(10 mg/L) to 2-mL sample vials followed by the addition of 10, 50

and 100 mL of the designer drug mixed standard (10 mg/L). The
solutions were dried under a gentle stream of nitrogen and re-

constituted in 1 mL methanol. Set 2 was prepared in the same

manner as Set 1 with the addition of 50 mL of the mixed basic

standard to each sample vials followed by evaporation and recon-

stitution. The samples were analyzed and calibration curves were

constructed for each set and compared.

2 Pasin et al.



Table I
Chemical Structures for Selected Synthetic Cathinones, Phenethylamines and Piperazines

Drug R1 R2 R3 R4 R5

Cathinone H H CH3 H H
Methcathinone H H CH3 H CH3

4-Methylethcathinone H CH3 CH3 H CH2CH3

3,4-Dimethylmethcathinone CH3 CH3 CH3 H CH3

Mephedrone H CH3 CH3 H CH3

Methedrone H OCH3 CH3 H CH3

Buphedrone H H CH2CH3 H CH3

Pentedrone H H CH2CH2CH3 H CH3

Flephedrone H F CH3 H CH3

Benzedrone H CH3 CH3 H Benzyl
Naphyrone Napthyl – CH2CH2CH3 Pyrrolidin-1-yl –
Methylone 3,4-Methylenedioxy – CH3 H CH3

Ethylone 3,4-Methylenedioxy – CH3 H CH2CH3

Butylone 3,4-Methylenedioxy – CH2CH3 H CH3

Pentylone 3,4-Methylenedioxy – CH2CH2CH3 H CH3

Bupropion H Cl CH3 H Tert butyl
Pyrovalerone H CH3 CH2CH2CH3 Pyrrolidin-1-yl –
a-PVP H H CH2CH2CH3 Pyrrolidin-1-yl –
MDPV 3,4-Methylenedioxy – CH2CH2CH3 Pyrrolidin-1-yl –
PPP H H CH3 Pyrrolidin-1-yl –
MDPPP 3,4-Methylenedioxy – CH3 Pyrrolidin-1-yl –
MPBP H CH3 CH2CH3 Pyrrolidin-1-yl –
MDPBP 3,4-Methylenedioxy – CH2CH3 Pyrrolidin-1-yl –

Drug R

2C-B Br
2C-E CH2CH3

2C-H H
2C-I I

Drug R

25B-NBOMe Br
25C-NBOMe Cl
25H-NBOMe H
25I-NBOMe I

Drug R1 R2 R3

BZP H – –
DBZP Benzyl – –
pCPP/mCPP – Cl (pCPP) Cl (mCPP)
pFPP – F –
TFMPP – – CF3

Analysis of New Designer Drugs 3



Calibration/linearity

Aliquots of blank blood were spiked with 0.01, 0.05, 0.1, 0.3, 0.5,

0.8, 1, 1.5 and 2 mg/L mixed standard. Each spiked sample was

extracted in triplicate (n ¼ 3) and analyzed. The range is defined

as the set of concentrations which exhibit a linear relationship

(r2 . 0.95). Both a working range (0.01–1 mg/L) and linear

range (0.01–2 mg/L) were assessed.

Accuracy and precision

Within-run (intra-run) precision and accuracy was assessed by

extracting replicates (n ¼ 7) of QC low, QC medium and QC

high (0.1, 0.5 and 1 mg/L, respectively). Between-run (inter-run)

precision and accuracy was assessed by extracting replicates

(n ¼ 7) of the same samples by three different analysts on

three different days. For the method to be considered precise

and accurate, bias (expressed as percentage mean relative

error, % MRE) and % CV (coefficient of variation) values must

fall within the +15% and �15%, respectively, for QC medium

and QC high. For QC low, bias and % CV values should not ex-

ceed +20 and �20%, respectively.

Limit of detection and limit of quantitation

Aliquots of blank blood were spiked with decreasing concentra-

tions of mixed 10 mg/L standard to achieve 0.07, 0.05, 0.01,

0.007, 0.005 and 0.001 mg/L in blood. Each samplewas extracted

in replicate (n ¼ 7). The LOD for each compound was defined as

the concentration at which both the parent and 1st product ion

exhibited signal-to-noise (S/N) ratios .3.

For LOQ, aliquots of blank blood were spiked with 10 mg/L
mixed standard to achieve 0.05, 0.1, 0.2, 0.5 and 1 mg/L and ex-

tracted in replicate (n ¼ 7). The LOQ concentration was defined

as the lowest concentration which did not exceed +15% bias

and �15% CV and exhibited S/N . 10.

Matrix effect and recovery

For the matrix effect and recovery studies, a method was adopted

from the paper published by Matuszewski et al. (23). Three dif-

ferent sets of samples which would cover both matrix effect and

Table II
Liquid Chromatography Gradient Elution Profile with Mobile Phase A (5 mM Ammonium Formate)

and B [Acetonitrile Containing 0.1% (v/v) Formic Acid]

Time (min) %A %B

Initial 87 13
0.5 87 13
10 50 50
10.75 5 95
12.25 5 95
12.50 87 13
15.00 87 13

Table III
Analyte Retention Times, Monoisotopic Masses, Product Ions, Linearity, LOD and LOQ Concentrations and Mass Errors

Drug class Drug Retention time
(min)

Monoisotopic mass
[MþH]þ

1st product ion
(m/z)

2nd product ion
(m/z)

Linearity
(r2)

LOD conc.
(mg/L)

LOQ conc.
(mg/L)

Mass error
(ppm)

Cathinones Cathinone 1.56 150.0919 132.0940 117.0604 0.96 0.05 0.1 0.7
Methcathinone 1.78 164.1075 131.0789 105.0721 0.99 0.01 0.05 23.0
4-Methylethcathinone 3.39 192.1388 145.1031 131.0760 0.99 0.01 0.05 24.2
3,4-Dimethylmethcathinone 4.08 192.1388 159.1121 144.0886 0.99 0.007 0.05 1.6
Mephedrone 2.94 178.1232 145.0948 119.0881 0.98 0.01 0.05 3.9
Methedrone 2.36 194.1181 161.0950 146.0759 0.98 0.01 0.05 0.5
Buphedrone 2.53 178.1232 131.0799 117.0603 0.98 0.01 0.05 2.2
Pentedrone 3.62 192.1388 132.0865 144.0836 0.98 0.01 0.05 21.6
Flephedrone 2.13 182.0981 149.0685 123.0640 0.99 0.01 0.05 7.7
Benzedrone 6.06 254.1545 91.0581 236.1598 0.98 0.05 0.1 23.5
Naphyrone 7.29 282.1858 126.1293 155.0653 0.99 0.007 0.05 1.1
Methylone 1.91 208.0973 190.0927 160.0852 0.98 0.007 0.05 0.0
Ethylone 2.30 222.1130 174.0959 204.1211 0.97 0.005 0.05 23.6
Butylone 2.67 222.1130 174.0967 146.0998 0.98 0.005 0.05 21.8
Pentylone 3.75 236.1286 188.1122 175.0749 0.99 0.007 0.05 21.7
Bupropion 5.09 240.1155 166.0652 139.0333 0.99 0.05 0.1 0.4
Pyrovalerone 5.73 246.1858 126.1352 84.0842 0.99 0.007 0.05 27.3
a-PVP 4.33 232.1701 91.0599 126.1334 0.99 0.01 0.05 20.4
MDPV 4.47 276.1599 126.1325 175.0792 0.98 0.005 0.05 22.2
PPP 2.42 204.1388 98.1012 133.0825 0.99 0.01 0.05 24.4
MDPPP 2.60 248.1286 98.1017 149.0625 0.99 0.005 0.05 20.4
MPBP 4.53 232.1701 112.1198 119.0589 0.99 0.01 0.05 22.6
MDPBP 3.32 262.1713 112.1153 161.0652 0.99 0.005 0.05 1.5
Mephedrone-d3 (IS) 2.94 181.1430 2.5

2C phenethylamines 2C-B 4.41 260.0286 227.9907 243.0270 0.98 0.05 0.1 2.7
2C-E 5.35 210.1494 178.1042 163.0849 0.98 0.01 0.05 3.3
2C-H 2.58 182.1181 150.0752 135.0489 0.98 0.05 0.1 1.1
2C-I 5.04 308.0147 290.9965 275.9697 0.99 0.01 0.05 5.8

NBOMe
phenethylamines

25B-NBOMe 8.21 380.0861 121.0688 91.0644 0.99 0.005 0.05 22.4
25C-NBOMe 7.92 336.1366 121.0712 91.0967 0.99 0.005 0.05 25.4
25H-NBOMe 6.71 302.1756 121.0706 91.0847 0.99 0.005 0.05 0.7
25I-NBOMe 8.74 428.0722 121.0662 91.0648 0.99 0.005 0.05 22.1

Piperazines BZP 1.42 177.1391 91.0590 85.0821 0.99 0.007 0.05 2.3
DBZP 5.21 267.1861 91.0608 137.1048 0.99 0.005 0.05 1.9
mCPP 4.00 197.0845 154.0529 140.0295 0.98 0.007 0.05 26.1
pCPP 4.03 197.0845 154.0536 140.0307 0.95 0.007 0.05 26.1
pFPP 2.59 181.1141 138.0818 124.0582 0.97 0.01 0.1 1.1
TFMPP 5.15 231.1109 188.0753 168.0651 0.98 0.01 0.05 2.2
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recovery were prepared at concentrations of 0.1 and 1 mg/L: Set
1 contained pure standards, Set 2 samples were spiked with

mixed standards after extraction and Set 3 was spiked with

mixed standards before extraction. All samples were spiked

with 50 mL of an IS solution containing mephedrone-d3. For

this study, three types of blood were assessed: blank blood, non-

decomposed and decomposed post-mortem blood.

Matrix effect was assessed by comparison of peak areas be-

tween a neat standard (Set 1) and spiked samples after extraction

(Set 2) and reported as a percentage. When percentages exceed

100% this is defined as ion enhancement and ion suppression is

defined when percentages are ,100%. Similarly, recovery was

determined by comparing the peak areas between spiked sam-

ples after extraction (Set 2) and before extraction (Set 3) and re-

ported as a percentage.

Post-preparative stability

Samples were analyzed at the initial time interval (t0) in the long-

term stability study. The sample vials were recapped and left in

the UPLC autosampler for 48 h before reinjection. The tempera-

ture of the autosampler compartment was maintained at a cons-

tant temperature of 208C. Analytes were deemed unstable if the

absolute peak areas of the analytes deviated .10% from the orig-

inal absolute peak area.

Long-term stability

Aliquots of blank blood were spiked with 10 mg/L spiked stan-

dard to achieve 0.1, 0.5 and 1 mg/L and stored in a refrigerator

at 48C. These samples were extracted in replicate (n ¼ 7) at

five different time intervals: initial (t0), then one extraction per

week for 4 weeks (t1, t2, t3 and t4).

Freeze–thaw stability

Aliquots of blank blood were spiked with 10 mg/L mixed stan-

dard to achieve 0.1, 0.5 and 1 mg/L. The samples were extracted

in replicate (n ¼ 7) then the remaining spiked blood was placed

in a freezer. When the samples were to be re-analyzed they were

removed from the freezer and placed on a rotator mixer for

30 min until thawed and extracted in replicate (n ¼ 7).

Samples were extracted after each freeze–thaw cycle with a

total of three freeze–thaw cycles assessed.

Carryover

A 1 mg/L mixed standard prepared in methanol was injected, fol-

lowed by three methanol injections. This was repeated with 2, 5

and 10 mg/L mixed standards. Carryover was defined at the con-

centration which gave a response in the blank methanol greater

than the LOD peak area of the target analytes.

Table IV
Matrix Effect and Recovery Percentage Ranges for All Analytes at 0.1 and 1 mg/L

Drug Matrix effect (%) Recovery (%)

Blank blood Post-mortem blood Decomposed blood Blank blood Post-mortem blood Decomposed blood

Cathinone 70–75 89–120 82–98 81–86 78–88 75–90
Methcathinone 84–93 77–85 72–73 91–92 84–98 79–86
4-Methylethcathinone 85–87 84–97 82–83 93–97 84–103 84–92
3,4-Dimethylmethcathinone 86–87 88–92 86–87 92 88–98 79–90
Mephedrone 65–66 76–86 67–71 86–90 90–93 76–95
Methedrone 84–85 88–91 77–80 94–95 86–94 76–87
Buphedrone 82–85 84–91 78–83 90–92 86–94 84–90
Pentedrone 78–82 84–93 82–83 91–94 88–96 73–92
Flephedrone 85–90 84–85 51–63 89–91 86–96 91
Benzedrone 87–89 83–95 84–85 89–90 82–93 77–84
Naphyrone 85–86 83–91 82–85 91 89–99 85–91
Methylone 82–84 80–87 83 82–84 80–87 77–92
Ethylone 82–85 83–99 79–81 96–99 88–98 87–92
Butylone 82–86 84–95 81–80 95–97 87–100 86–94
Pentylone 81–88 87–95 83–84 90–98 90–98 87–92
Metamfepramone 75–76 83–88 76–79 89–92 82 71–89
Amfepramone 85–89 86–98 82–85 86–88 84–87 80–84
Bupropion 83–89 87–94 83–84 91–95 79–89 77–84
Pyrovalerone 80–81 84–91 81–83 90–91 92–100 84–92
a-PVP 86–87 84–97 83–85 92 85–100 84–94
MDPV 84–85 85–96 84–88 95–96 90–102 87–92
PPP 85–86 85–100 81–82 91–93 88–98 81–89
MePPP 83–84 84–94 80–85 96–98 90–102 80–96
MDPPP 84 84–98 78–83 95–96 91–99 89–91
MPBP 86–90 83–95 81–85 90–95 89–98 88–91
MDPBP 82–85 86–87 82–85 92–96 90–99 86–94
2C-B 83–89 101–131 104–127 80–85 87–94 78–91
2C-E 87–92 87–108 87–93 84–91 88–97 80–91
2C-H 83–90 83–86 80–89 83–91 82–93 82–90
2C-I 80–86 96–118 88–109 83–91 85–89 73–94
25B-NBOMe 85–89 75–79 81–85 88–92 96–98 84–91
25C-NBOMe 84–88 82–87 83 88–92 94–98 89–96
25H-NBOMe 87–88 84–91 82–88 88–82 91–102 85–93
25I-NBOMe 84–86 78–79 81–84 90–91 92–100 86–94
BZP 78–85 81 65–72 82–83 88–96 81–95
DBZP 86–89 84–92 79–84 92 88–99 82–91
mCPP/pCPP 87 86–93 80–82 77–89 85–91 79–92
pFPP 82–93 83–85 69–79 68–89 86–89 77–97
TFMPP 85–88 88–92 83–86 77–80 88–93 75–92
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Results and discussion

A simple in-house method previously developed for the extrac-

tion of basic, acidic and neutral drugs from whole blood was tri-

aled for the isolation of 37 basic new designer drugs with positive

results (24). All target analytes eluted within a 15 min run time

with BZP eluting first at 1.42 min and 25I-NBOMe eluting last at

8.74 min. Since the instrument was operated in positive electro-

spray mode, the monoisotopic mass [MþH]þwas used for detec-

tion of ionized parent molecules, with at least two major product

ions selected for confirmatory purposes. Fragmentation was

achieved using patented Waters MSE technology which alter-

nates rapidly between a 6 eV collision energy (Function 1) yield-

ing the precursor ions and then a 10–40 eV collision energy

ramp (Function 2) resulting in fragmentation of precursor ions

to produce fragment-rich spectra. Product ion data were collect-

ed in the high-energy function. Retention time, mass data, linear-

ity, LOD and LOQ concentrations for all selected analytes are

listed in Table III.

Utilizing the combination of high-resolution mass spectrome-

try and the ACQUITY HSS C18 column effectively demonstrated

the ability for the method to successfully distinguished all target

analytes from one another. The sole exception was for meta-

chlorophenylpiperazine (mCPP) and para-chlorophenylpiperazine

(pCPP) which are structural isomers of each other that share an

identical retention time (Rt ¼ 4.00 min). These compounds were

subsequently combined for routine analysis since a specific

compound could not be determined. Several pairs of compounds

which shared identical accurate masses were easily distinguished

by retention time such as 4-methylethcathinone (Rt ¼ 3.39 min)

and 3,4-dimethylmethcathinone (Rt ¼ 4.08 min) which have an

accurate monoisotopic mass m/z 192.1388. Compounds that

shared similar nominal masses such as in the case of flephedrone

(m/z 182.0981, Rt ¼ 2.13 min) and 2C-H (m/z 182.1181, Rt ¼

2.58 min) were distinguishable by their accurate mass.

Table IV shows the recoveries for blank, post-mortem and de-

composed post-mortem blood at 0.1 and 1 mg/L. Recoveries for
most analytes were .80% demonstrating the suitability of aceto-

nitrile and saturated NaCl solution as an appropriate extraction

solvent. Recoveries of the drugs from decomposed blood were

lower on average compared with the recoveries on blank and

post-mortem blood. To better improve analyte-IS response addi-

tion of deuterated 2C, NBOMe and piperazine ISs would be suit-

able. However, due to the non-availability of such standards at the

time only a single IS was used.

Validation experiments

The outlined method was validated according to internationally

recognized guidelines (19–22). The method was highly selective

with no interferences from endogenous components or the rou-

tine panel of screening drugs and no carryover was observed up

to 10 mg/L. Calibration curves for all analytes were linear over

the range of 0.05–2 mg/L, with correlation coefficient (r2)

Table V
Accuracy and Precision Data of the Method for All Analytes at QC Low (0.1 mg/L), QC Medium (0.5 mg/L) and QC High (1 mg/L)

Drug Accuracy (% MRE) Intra-run precision (% CV) Inter-run precision (% CV)

0.1 mg/L 0.5 mg/L 1 mg/L 0.1 mg/L 0.5 mg/L 1 mg/L 0.1 mg/L 0.5 mg/L 1 mg/L

Cathinone 5.7 14.2 27.7 14.7 8.0 7.4 12.2 6.3 5.2
Methcathinone 4.5 10.0 25.0 8.3 7.4 8.0 6.4 5.4 3.0
4-Methylethcathinone 7.6 4.8 23.4 6.8 3.7 4.0 1.9 2.7 1.3
3,4-Dimethylmethcathinone 2.3 5.7 23.5 7.9 5.7 4.1 4.0 4.5 2.2
Mephedrone 0.4 6.9 23.3 5.4 7.7 7.4 1.6 4.3 3.0
Methedrone 6.8 5.0 23.1 5.0 9.6 5.5 3.2 3.3 1.4
Buphedrone 0.6 7.5 24.0 6.2 7.4 5.0 3.4 6.4 3.9
Pentedrone 4.5 6.4 24.0 11.7 6.2 4.8 1.7 5.4 2.2
Flephedrone 8.5 11.6 26.6 9.9 6.2 5.1 5.0 5.1 3.1
Benzedrone 29.2 11.2 24.5 8.9 6.1 9.5 13.9 7.6 3.4
Naphyrone 25.2 4.5 22.0 6.6 6.5 4.5 2.4 3.6 1.9
Methylone 8.8 8.0 25.5 5.6 6.5 6.5 1.5 3.7 1.7
Ethylone 5.3 7.0 24.5 6.1 5.9 6.4 1.3 1.6 1.5
Butylone 3.5 6.3 23.5 2.9 6.5 3.6 5.6 2.1 1.5
Pentylone 4.2 5.3 23.1 5.7 5.3 3.3 5.1 4.7 2.2
Bupropion 26.7 9.2 24.2 6.3 4.9 4.6 13.9 4.9 2.9
Pyrovalerone 1.6 1.9 21.9 6.8 3.0 5.7 4.2 2.5 1.9
a-PVP 21.8 4.7 23.1 6.7 5.5 3.8 5.2 5.9 2.6
MDPV 24.3 4.2 21.9 4.7 5.1 3.7 1.9 2.7 1.3
PPP 22.9 6.3 23.7 5.4 6.3 4.6 7.4 4.6 2.0
MDPPP 20.9 4.4 22.1 3.7 8.6 5.2 1.8 2.9 2.0
MPBP 21.3 2.7 21.5 4.5 6.3 1.7 1.2 3.0 2.0
MDPBP 22.3 6.7 23.5 3.9 5.1 4.5 1.5 3.5 1.7
2C-B 215.5 9.3 21.4 9.8 2.5 4.0 14.0 5.9 3.1
2C-E 219.2 9.9 20.9 11.3 5.3 6.7 13.5 6.9 4.4
2C-H 29.7 13.1 26.7 8.0 11.0 8.0 10.2 6.0 4.5
2C-I 220.0 8.5 0.4 11.7 4.5 6.7 18.1 7.0 4.4
25B-NBOMe 9.3 3.3 22.8 5.7 6.7 3.2 1.9 3.7 2.4
25C-NBOMe 5.1 3.9 22.8 4.5 4.2 6.1 0.9 4.6 2.2
25H-NBOMe 26.4 6.2 23.0 4.6 5.1 5.1 3.2 3.9 1.9
25I-NBOMe 3.1 5.4 22.9 6.3 5.3 4.6 2.6 5.3 3.4
BZP 17.4 9.7 27.2 10.4 3.3 7.7 3.8 6.0 7.7
DBZP 2.3 5.0 23.2 6.1 6.5 5.8 1.2 3.0 2.0
mCPP/pCPP 10.4 11.0 26.9 9.3 3.7 5.6 6.5 5.1 2.9
pFPP 20.0 11.9 29.0 6.7 9.1 4.3 5.6 3.9 1.9
TFMPP 2.4 6.3 23.6 10.6 5.4 5.5 6.8 5.1 2.4
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values for most analytes .0.98, while cathinone. ethylone, pFPP

and TFMPP had r2 values .0.95 The LOQ concentrations for the

majority of all analytes was 0.05 mg/L with exceptions such as

cathinone, benzedrone, bupropion, 2C-B, 2C-H and pFPP having

LOQ concentrations of 0.1 mg/L.
Table V summarizes the accuracy data (average %MRE of both

intra- and inter-run experiments), intra- and inter-run precision

data for all analytes. All data were within the acceptance values of

+15 and �15% for QC medium and QC high and +20 and

�20% for QC low. All analytes were stable for 48 h after extrac-

tion when maintained at a constant temperature of 208C. Most

analytes, at all three concentrations, were stable in blank blood

for 1 week in a refrigerator at 48C with benzedrone the only ex-

ception which was unstable after 1 week (t1). Extractions of the

long-term spiked samples for the other weeks (t2– t4) showed

that all analytes were unstable. For the freeze–thaw stability

study most analytes, at all concentrations, were stable after

three freeze–thaw cycles with the exception of 2C-B, 2C-E,

2C-H, 2C-I and BZP which were unstable after 1 freeze–thaw

cycle. The stability data are summarized in Table VI.

Application to case work

The aforementioned method was applied to post-mortem blood

samples that were submitted to the forensic toxicology labo-

ratory for analysis. In addition, urine samples were also investigat-

ed using the same method although the method is yet to be

validated for urine drug testing. These cases were suspected to

involve new designer drugs based on the deceased’s behavior

or circumstantial evidence.

The first case involved a deceased male who was found unre-

sponsive in bed by a female friend. The night before the deceased

presented some ‘synthetic cocaine’ to her which she then

flushed down the toilet. The deceased’s blood and urine samples

were submitted for analysis. For both blood and urine, the 100 mL

Table VI
Long-Term Stability and Freeze–Thaw Stability Data at 0.1, 0.5 and 1 mg/L

Drug Long-term stability (weeks) Freeze–thaw stability (cycles)

0.1 mg/L 0.5 mg/L 1 mg/L 0.1 mg/L 0.5 mg/L 1 mg/L

Cathinone 1 1 1 n/a n/a n/a
Methcathinone 1 1 1 3 1 1
4-Methylethcathinone 1 1 1 3 3 3
3,4-Dimethylmethcathinone 1 1 1 3 3 3
Mephedrone 1 1 1 3 3 3
Methedrone 1 1 1 3 3 2
Buphedrone 1 1 1 1 1 1
Pentedrone 1 1 1 n/a 1 1
Flephedrone 1 1 1 1 1 1
Benzedrone n/a n/a 1 3 3 3
Naphyrone 1 1 1 3 3 3
Methylone 1 1 1 3 3 3
Ethylone 1 1 1 3 3 3
Butylone 1 2 1 3 3 3
Pentylone 1 2 1 3 3 3
Bupropion 1 1 1 n/a n/a 1
Pyrovalerone 1 2 1 3 3 3
a-PVP 1 3 1 1 1 3
MDPV 1 3 1 3 2 3
PPP 1 2 1 1 2 3
MDPPP 1 1 1 3 3 3
MPBP 1 3 1 3 3 3
MDPBP 1 2 1 3 3 3
2C-B 1 1 1 n/a n/a n/a
2C-E 1 1 1 n/a n/a n/a
2C-H 1 1 1 n/a 3 n/a
2C-I 1 1 1 n/a n/a n/a
25B-NBOMe 1 2 1 3 3 3
25C-NBOMe 1 2 1 3 3 2
25H-NBOMe 1 2 1 3 3 3
25I-NBOMe 1 2 1 3 2 2
BZP 1 2 1 n/a n/a 3
DBZP 1 2 1 3 3 3
mCPP/pCPP 1 2 1 3 3 3
pFPP 1 2 1 3 3 3
TFMPP 1 2 1 3 3 3

Datasets in which the analyte was unstable after 1 week (long term) or 1 freeze–thaw cycle are

indicated by n/a.

Figure 1. The chromatograms for the extracted blood (A) and urine (B) sample showing peaks for MDPV (Rt ¼ 4.48 min) at m/z 276.1599, 125.1293 and 175.0749.
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extracted samples showed that MDPV was present, eluting at

4.48 min. Figure 1 shows the chromatograms for the precursor

ion m/z 276.1599 and major product ions m/z 126.1293 and

175.0749 for both blood and urine. The results for the urine sam-

ple show a substantially higher peak area for MDPV which sug-

gests that it exists largely as the parent drug in urine. The

female friend had mentioned that the deceased had purchased

‘synthetic cocaine’ which is known to contain MDPV. The calcu-

lated concentration of MDPV in blood did not exceed the LOQ

(0.05 mg/L) so it was subsequently only reported as detected.

In another case, the deceased adult male has visited a friends

place for a drinking session late one morning. Throughout the

morning it was reported that the deceased’s behavior had

changed and his body movements seemed to be uncontrollable.

One of the deceased’s friends had concluded his behavior was

due to the deceased having taken something. Friends of the

deceased were aware that he had obtained some yellow pills

recently. Results of the 100 mL aliquots of the deceased’s blood

and urine showed that there were detectable amounts of

25C-NBOMe and 25I-NBOMe in both blood and urine eluting

at 7.94 and 8.77 min, respectively. It was observed that higher

concentrations were found in the urine compared with the

blood; however, both compounds exceeded their LOD of

0.005 mg/L in both matrices. The results suggest that the de-

ceased may have ingested a combination of 25I-NBOMe and

25C-NBOMe which were most likely the active ingredients in

the yellow tablets that he had obtained.

Conclusion

The presented UPLC-QTOF-MS method is suitable for the detec-

tion and quantification of new designer drugs in post-mortem

blood. It was validated according to recommended guidelines

and was found to be accurate, precise, linear and selective for

all reported analytes. The simple salting-out assisted liquid-

liquid extraction with acetonitrile resulted in good recoveries

(71–100%) for all analytes. The method was applied to authen-

tic forensic samples which successfully detected these drugs

and will be implemented into routine screening of post-

mortem samples
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