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Simultaneous determination and quantitation of 7 synthetic cathinones in
postmortem blood and urine by LC-MS/MS

Tsao, Yun-Chen™; Liu, Hsiu-Chuan'; Liu Ray H.% Lin, Dong-Liang*

'Department of Forensic Toxicology, Institute of Forensic Medicine, Ministry of
Justice, Taipei, Taiwan; “Department of Justice Sciences, University of Alabama at
Birmingham, Birmingham, AL, USA.

Background & Objectives: Concerned with frequent reports on abuse and deaths
pertaining to overdose of synthetic cathinones, we have developed a simple and
sensitive LC-MS/MS method for the analysis of seven common synthetic cathinones
(butylone, ethylone, MDPV, mephedrone, methedrone, methylone and pentylone) in
postmortem specimens to help determine victims’ causes of death.

Methods: For method evaluation, 1-mL drug-free blood and urine samples —
fortified with 50-1000 ng/mL of the seven analytes of interest and the addition of
deuterated internal standards — were processed with liquid-liquid extraction, first
with the addition of 2-mL 1.5 M Na,CO3/NaHCOj3 (pH 9.5) buffer for alkalinization.
Extraction was performed with 3-mL dichloromethane: 1,2-dichloroethane: n-heptane:
ethyl acetate mixture (1:1:1:1, v/v). The extract was evaporated and reconstituted,
then injected into the LC-MS/MS system. Chromatographic separation was performed
at 30 °C using an Agilent ZORBAX RRHD HILIC Plus column (50 mm x 2.1 mm,
1.8 um particle). The mobile phase was consisted of 5 mM ammonium formate and
acetonitrile at a flow rate of 0.3 mL/min. Mass spectrometric analysis was performed
under electrospray ionization in positive-ion multiple reaction monitoring (MRM)
mode. The same protocol was applied to the analysis of case specimens.

Results: The protocol described above achieved the following analytical parameters
for blood samples: (a) average extraction recovery range: 80-102%; (b) average
matrix effect ranges: 93-115%; (c) intraday and interday precision ranges (percent
CV): 1.4-5.0% and 0.8-6.4; (d) intraday and interday accuracy ranges: 98-105% and
100-105%; and (e) calibration linearity (r?), detection limit, and quantitation limit;
>0.999, 0.2-0.5 ng/mL, and 0.5-0.8 ng/mL, respectively. The corresponding
parameters achieved for urine samples were as follows: (a) 63—77%; (b) 94-108%; (c)
1.2-4.1% and 2.8-6.3%); (d) 98-108% and 98-103%; and (e) >0.999, 0.2-0.8 ng/mL,
and 0.5-1.0 ng/mL, respectively. This protocol was found effective for the analysis of
these synthetic cathinones in postmortem samples. During the 20142017 period, 143
blood specimens were found to contain at least one of these seven synthetic
cathinones with the following mean concentrations (ug/mL) and number of cases:
butylone (8.57; n = 16); ethylone (2.13; n = 74); mephedrone (4.53; n = 45);
methylone (3.84; n = 50); and pentylone (0.012; n = 1).

Key Words: New psychoactive substances, Synthetic cathinones, LC-MS/MS,

Postmortem toxicology, Fatalities
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H 2. Calibration
IntrOdUCtlon Table 3. Linear regression equation, correlation coefficients (12), LODs, and LOQs data

. resulting from the analysis of the analytes in blood and urine matrices
Concerned with frequent reports on abuse and deaths pertaining to 9 Y y

Sampie_Compoung | Regressionsuustion L £ [L00 (ngm [Loa (gt

overdose of synthetic cathinones, we have developed a simple and Butylone y=16483x+0.1976 0.99990
sensitive LC-MS/MS method for the analysis of seven common _ Ethylone y=2.1000x+0.2460 0.99973 0_5 0_3
synthetic cathinones (butylone, ethylone, MDPV, mephedrone, I MOPV 4930x+0.1620 099922 02 05
methedrone, methylone and pentylone) in postmortem specimens N Mephedrone 1-?53;**3-3;;‘; g-gggg?[ gg g-g
i i mti ’ y=1 x+0 | K
to help determine victims’ causes of death. I Vcyione y=11213x:00263 099981 T T
y=1.1563x+0.0914 099914 02 08
=17268x+0 1144 099997 05 05
=
I Ethylone ¥=2.6034x+0.0845 099979 08 08
1. Instrument conditions [ MDPY y=1.7318x+0.1234  0.99910 05 08
) I Mephedrone y=1.1701x+0.0368 099997 08 1
Agilent 1200 RRLC Systems and 6410 Triple Quadrupole Mass I Vethedrone 1044x+0.0568 0.99980 08 1
Chromatographic separation was achieved using an ZORBAX I Methylone y=1.0198x+0.0691 0.99057 08 08

RRHD HILIC Plus column (50 mm x 2.1 mm, 1.8 um particle) I Pentylone ¥=1.1823¢:0.0864 099941 2 02
analytical column operated at 30°C. The mobile phase consisted of 3. Precision and accuracy
5 mM ammonium formate (A) and acetonitrile (B) at a flow rate of Summary of intraday and interday precision and accuracy (n=5)

0.3 mL/min. Mass spectrometric analysis was performed under ac::’::r'::;‘[’%) pm!.'“'f,'.'.’?é'w,; “L'::fa'::‘(’%,
electrospray ionization in positive-ion multiple reaction monitoring n=5 n n=5

MRM) mode. 101.2-104.1 1,43,3 101.3-1054

( ) I E thylone 44, 100.4-102.6 3049 101.1-103.2

Table 1. Transitions and MS/MS conditions for each analyte and internal standard in LC-MS/MS | MDPV L 100.3-104.3 3645 101.2-104 9

I Viephedrone 94, 98.24-100.6 3257 98.19-100.2

Compound Retention Precursor Fragment  Target e, ] I Methedrone I 101.3-103.1 1834 100.4-104.2

time(min) ion (m/z) V) on(mh) I Ve thylone 45, 98.78-101.2 0864 100.4-101.7

Butylone 7.38 222 103 174 204 30 I Pentyione . 101.0-105.2 2431 101.5-104.6

Butylone—d, 814 725 98 177 | 16 | 207 | 8| 20 mﬂ-gmgp‘g = ?gfgqg‘g ? é'ﬁ'; 3327'2'135?

Ethylone 919 222 103 174 20 204 | 14| 30 __MDPV OREOTE T OTRHIDS

Ethylone—d, 10.07 221 106 179 20 209 |12 30 I Vephedrone 0-3. 97.50-101.1 4057 97.53-101.1

MDPV 744 276 130 126 24 135 |24 30 I victhedrone i 102.0-103.7 3454 99 47-102.4

MDFV-d, 916 284 134 134 28 149 (32| 30 I Vethylone 83, 99.30-104.3 3763 99.45-100.6

Mephedrone 1074 178 88 0 | 8 | 144 |3 a0 | EEEEEPentyione It 101551064 28216 0061020
Mephedrone—d, | 1140 181 a3 163 8 147 (36| 0 4. Applications

Methedrone 1241 194 88 176 8 161 |20 ] 30 After method validation, the procedure was applied to forensic samples.

Methedrone-d, 13.04 197 98 179 8 164 | 20| 30 During the 2014-2017 period, 143 postmortem blood specimens were

me::y:“:_d Hgg ;?f gg :gg 12 ]g; gg gg found to contain at least one of these seven synthetic cathinones with

P:m;::e : pat a5 s e e L the following mean concentrations (ug/mL) and number of cases:

Pentylone—d 540 239 % 101 6 21 a1 30 butylone (8.57; n = 16); ethylone (2.13; n = 74); mephedrone (4.54; n =

: . 45); methylone (3.84; n = 50); and pentylone (0.012; n=1).
2. Sample preparation Among the 143 cases reviewed, the mean age of the related fatalities
H H 0
50, 125, 250, 500, 1000 ng/mL spiked standards with 1 mL drug-free blood or urine was 28.3, ranging fm”[') 15 to 53, while 105 (73.4%) of these deaths
and 50 L internal standards (250 ng/mL) were men and 38 (26.6%) were women.
Table 5. Results of the analysis of synthetic cathinones in postmortem samples
[ R B oT TR TS0 e, = B P seuten ane I -

Methylone [ 0.01-142.96 3.84:20.16 0.316
Urine 31 00210680 14.25+24.60 2485
I Gestric content 13 001911241 704.09£2526.39 1.163
[Ethylone  [F5%0] 74 0039152 2.13+10.60 045
Urine 47 034200796 T367+304.47 11361

|
_Gasln’c content

Add 3 mL dichloromethane/1,2-dichlorcethane/n-heptane/ethyl acetate (1:1:1:1, viv)
mixture and shake for 15 minutes

Centrifuge at 4000 rpm for 15 minutes and transfer the supernatant to new tubes

Evaporation of the organic extract system 7 0.08-268 1.55:0.94 1934

[Butylone  [ZI8%0] 16 00112095 85743237 0.263

Reconstitution with the acetonitrile Urine 9 0.24-170.22 16.96:23.66 2214

[ 1 pL of the reconstituted extract was injected to the LC-MS/MS l Bluod 45 0.01-95.80 454+1531 0.673
B vine 27 047-998.06 51.04+191.17 6719

I Gestric content. 8 00347115 613916563 1.591

1 0012 0.012 0.012

1. Matrix effect and recovery I cestric content 1 0024 0.024 0.024

Table 2. Matrix effect and extraction recovery for the QC levels 125, 250 and 500 ng/mL in blood
and urine (n = 3)
Compound Ma Matrix effect (%z SD| Recovery (%t SD)

Conclusion
Concentration level (ng/mL) Concentration level (n

125 250 500 125 250 500 The validated protocols are easy and quick to carry out, and have been
Butylone 105774404 104.0043.18 111214184 84.35¢3.51 86.99+2.41 84274078

54015193 08064032 97444589 63644197 69934610 7185736 successfullyl utilized to the analysis of these synthetic cathinone
Ethylone 97094302 99104315 9309:262 91715381 91841336 89824142 compounds in postmortem samples.
109.3641.78 103.37+1.13 97.87+1.18 65374192 68.381269 73.25:7.33
MDPV 110.24:0.62 105.1143.02 100.4041.33 79.50+2.89 84.2842.27 80.93:0.72
104241022 9875:0.58 97.85t6.12 68804228 69.92:345 71414589 Refe rences
Mephedrone 99404555 100.53:9.08 115164360 101.90£1.09 9800769 94914282 111 UNODEG Early Waming Advisory on New nfips /i unode org/L SS/PageNPS
103.761234 107.51+4.32 101.64:4.81 68481302 69941513  73.41:1.07 [2] Pearson J M ; Hargraves T.L.; Hair L.S ; Massucci C.J; Frazee C.C. IIl; Garg U_; Pietak BR. Three fatal intoxications due to
Methedrone 103.07:396 105.65:3.63 104.64+1.66 8992:348 92224485 86.361153 methylone. J Anal Toxicol, 2012, 36, 424451
92204141 1115740.99 108.25:286 68.684204 70834296 70.0345.12 [3] Lee D.; Chronister C.W.; Hoyer J.. Goldberger B.A. Ethylone-Related Deaths: Toxicological Findings. J Anai Toxicol. 2015,
Methylone 97184303 104.304471 100554232 9590:493 963044.81 90.87+1.26 E’z- SRS?*f?; Kays M. st M. Maciow M. Kula K. “Legal highs™_oxict in the cinical and medico-legal .
ojek S.. Kiys M. Strona M. Maciow M.; Kula K. "Legal highs™—toxicity in the clinical and medico-legal aspect as
102704191 101.1141.17 105564279  70.12:264  73.96:349 76.8416.16 exemplified by suicide with bk-MBDB administration. Forensic Sei nf. 2012, 222, e4-6
Pentylone 101.13+4.00 108.48+3.69 99.32¢2.22 83.08:2.90 8545#4.05 81.64:0.89 [5] Hong W.Y; Ko Y.C; Lin M.C; Wang P.Y; Chen Y.P; Chiueh L.C; Shin D.Y; Chou H.K.; Cheng H.F. Determination of
107.5641.27 105.386.18 97.33:1.03 63.21+1.87 67.2246.30 6B.76:7.52 Synthetic Cathinones in Urine Using Gas C M ¥ . J Anal Toxicol. 2016, 40, 12-16
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