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Abstract

Due to the emerging and dangerous popularity of synthetic cathinones — compounds
widely marketed as “Bath Salts”— today’s forensic laboratories are challenged to
screen, confirm, and quantify the controlled forms of those compounds in biological
matrices with confidence. This application note describes and evaluates a robust
quantitative method for the analysis of two controlled synthetic cathinones,

3, 4-methylenedioxypyrovalerone (MDPV) and 4-methylmethcathione (mephedrone), in
urine. The method is validated to demonstrate excellent linearity, lower limit of detec-
tion (LOD), reproducibility/precision and lower limit of quantitation (LOQ), with no

interferences from structurally similar compounds, and with negligible carryover.

Agilent Technologies



Introduction

Synthetic cathinones, such as 3, 4-methylenedioxypy-
rovalerone (MDPV) and 4-methylmethcathione (mephedrone),
are emerging substances of abuse in many countries includ-
ing the US, Europe, and Australia. Synthetic cathinones are of
increasing concern in the US, and the number of calls to its
Poison Control Centers regarding exposure increased signifi-
cantly from 304 in 2010 to 6138 in 2011. Of particular concern,
several deaths associated with use of these substances have
been reported.

Synthetic cathinones are central nervous system (CNS) stimu-
lants, similar in action to methamphetamine and Ecstasy
(MDMA), and thought to be highly addictive. Figure 1 shows
they are chemically akin in structure to cathinone, an active
alkaloid found in the Khat plant of eastern Africa where its
fresh leaves are chewed or consumed as tea. When con-
sumed, cathinone causes the brain to release dopamine lead-
ing to mild euphoria and excitement, appetite suppression,
talkativeness, emotional instability, constipation, manic
behavior, and drowsy hallucinations.
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Figure 1. Cathinone and common synthetic cathinones.

In the US, synthetic cathinones are marketed on the Internet,
and in convenience and head shops as “Bath Salts” under a
variety of brand names such as “lvory Wave” and “Vanilla
Sky.” In particular, MDPV and mephedrone use lead to effects
similar to that of methamphetamine, cocaine and Ecstasy.
Adverse reactions can occur, including dangerously increased
heart rate and blood pressure, insomnia, nausea, and vomit-
ing, hallucinations, extreme paranoia and anxiety, seizures,
and even death when overdosed or used in combination with
other drugs.

MDPV was developed in the 1960s. Though it has no history
of a FDA approved medical use, it has been used to treat
chronic fatigue and as an anorectic. Currently popular in
Europe, the U.K., and Australia, the hydrochloride salt of
MDPV is a white to brown powder that is usually “snorted”
like cocaine. First synthesized in 1929, Mephedrone is a white
crystal or powder that can be formulated as a tablet.

Though MDPV and mephedrone were developed several
decades ago, they were not widely known or of concern until
the late 1990s and early 2000s. In fact, until 2008, they were
primarily abused in Europe. As such, the EU ruled the two
drugs illegal in December 2010.

In the US, the first seizure of MDPV and mephedrone was
reported in 2008. They are banned in many states including
Washington, and effective October 2011, the DEA temporarily
placed MDPV and mephedrone, as well as methylone, on
schedule 1 of the Controlled Substances Act. It is now illegal
to use, possess, sell or manufacture these substances in the
us.

Due to these trends, forensics analysis of MDPV and
mephedrone, as well as other synthetic cathinones, is
expected to increase dramatically. Because these compounds
are not detected through existing amphetamine screening
immunoassays or confirmatory gas chromatography/mass
spectrometry (GC/MS) assays, new methodology is needed.
Thus, the objective of this application note is to describe a
validated liquid chromatography-triple quadrupole mass spec-
trometry (LC/MS/MS) method for screening, confirmation,
and quantification of MDPV and mephedrone in urine.
Developed by Sterling Reference Laboratories and Agilent
Technologies, as of the date this application note was pub-
lished, the method has been used to effectively analyze

561 patient samples. The overall positivity rate was 8%

(45 specimens), of which 41 (7.3%) were positive for MDPV,
three (0.5%) were positive for mephedrone, and one (0.2%)
was positive for both MDPV and mephedrone.



Experimental

Method Overview

Spiked synthetic urine samples were prepared and then
extracted using cation exchange solid phase extraction (SPE)
columns. SPE was used rather than simple sample dilution
and direct injection ("dilute and shoot") because the SPE
method introduces much cleaner samples into the mass spec-
trometer. As a result, ion suppression and ion source cleaning
tasks are minimized, and sensitivity is enhanced. Dilute and
shoot methods introduce dirtier samples — raw diluted urine —
into the mass spectrometer. However, laboratories performing
only a small number of bath salts analyses and that do not
mind frequent source cleaning may prefer to "dilute and
shoot."

The extracted samples were injected into a LC/MS/MS
system equipped with electrospray ionization. Two multiple
reaction monitoring (MRM) transitions were monitored for
each analyte and internal standard. Retention time and the
ratios of the selected ions, relative to the internal standards,
were used for detection and quantification. Calibration curve
development and quantitative analysis were performed using
MassHunter data analysis software. Quantitative analysis was
performed through interpolation of the analyte response
against the calibration curves. The method was evaluated and
validated based on the following criteria: linearity, lower LOD
and LOQ, reproducibility, interferences, and carryover.

Synthetic Urine, Calibrator, Quality Control, and
Internal Standard Solutions

Synthetic urine (solution to be spiked and the negative control
or blank) was prepared by dissolving the following in 800 mL
deionized water. Deionized water was then added to bring the
final volume to 4,000 mL.

200¢g NaCl (ACS reagent grade)
20g creatinine (Sigma Cat. No. C4255-100G)
400¢g urea (ACS reagent grade)
38.64g monosodium phosphate monohydrate
(ACS reagent grade)
32.3¢g disodium phosphate heptahydrate
(ACS reagent grade)
40¢g sodium azide (ACS reagent grade)
3to b drops yellow food coloring (food grade, McCormick)

The pH of the synthetic urine was then adjusted to 6.5 using
1% HCI.

Calibrator solutions were made with MDPV (Cayman,
Cat. No.10684) and mephedrone (Cerilliant Cat. No. M-138)
stock solutions dissolved in methanol. To construct calibration

curves for MDPV and mephedrone over the range of 1 to
5000 ng/mL, calibrator compound was spiked in synthetic
urine at the 1, 5, 10, 25, 50, 100, 500, 1,000, and 5,000 ng/mL
level.

Quality Control (QC) specimens. Three QC specimens were
prepared in synthetic urine: negative, 40% of positive cutoff
and +25% of positive cutoff. The positive cutoff was adminis-
tratively set at 25 ng/mL, thus the corresponding 40% and
+25% QC specimens were nominally set at 10 ng/mL and

31 ng/mL, respectively.

Deuterium-labeled internal standard solutions of MDPV-D8
(Cayman, Cat. No. 10679) and mephedrone-D3 (Cerilliant, Cat.
No. M-139) in HPLC-grade methanol were prepared at

500 ng/mL in deionized water.

Sample Preparation

Figure 2 shows an overview of the cation exchange SPE
sample preparation procedure. The procedure is designed to
enable preparation of over 300 samples per 8-hour shift with
ease.

1 mL of samples

+1STD 100 pL (500 ng/mL)
+2mLDIH,0
+0.2mL 10% HCI

Vortex
Adjust pH to 2-3

Load to preconditioned cation
exchange SPE columns

+2 mL 0.1 M acetic acid
+3mLDIH,0

+1mL MeOH

+ 1 mL Ethyl acetate

Clean samples

+ 1.5 mL n-butyl chloride/ethyl
acetate (80:20) with 4% TEA

Elute

v

Dry down

l, +500 uL MeOH:H,0 (98:2)

Reconstitute

v

LC/MS/MS

300 samples/8 hr

Figure 2. Sample preparation overview.



Using a calibrated micropipette, 1 mL of the calibrator,

40% QC, +25% QC, and negative control urine solutions were
transferred to individual 16x100 mm labeled culture tubes.
Next, using a calibrated repeating pipettor with calibrated
pipette dispensers, 100 pL of the 500 ng/mL internal standard
solution was transferred to the samples in the culture tubes.
Deionized water (2 mL) was likewise added to each of the cul-
ture tubes. The pH was adjusted to 2-3, with the addition of
0.2 mL of 10% HCI to each of the culture tubes.

Extraction was performed on a Multi-prep SPE workstation
(Biochemical Diagnostics). The cation exchange SPE columns
(Biochemical Diagnostics, Cat. No. 1410082-0, GV-65), were
conditioned with 1 mL of methanol followed by 1 mL of

5% sodium bisulfite which were allowed to flow through the
system by gravity.

To extract the prepared samples, each was poured into the
corresponding labeled SPE column. Next 2 mL of 0.1 M acetic
acid was pipetted into each SPE column, followed by 3 mL of
deionized water, 1 mL of methanol and finally, 1 mL of ethyl
acetate. Between each solution addition, the liquid was
allowed to flow by gravity until there was no liquid observed
above the column bed.

Sample elution was performed outside of the vacuum box into
elution tubes. Elution solvent (1.5 mL), n-butyl chloride/ethyl
acetate 80:20 with 4% TEA, was pipetted into each column
and allowed to flow by gravity until there was no liquid above
the column bed. The elution tubes were placed in aluminum
dry down blocks and evaporated to dryness under a gentle
stream of nitrogen at 34—40 °C.

The samples were reconstituted with 0.5 mL of
methanol:deionized water (2:98) and let to sit for 20 minutes
at ambient temperature before transferring to autosampler
vials. Once the samples were reconstituted, they were ready
for LC/MS/MS analysis.

LC/MS/MS Analyses

LC/MS/MS analyses were performed using an Agilent 1200
Series LC System coupled to an Agilent 6460 Series Triple
Quadrupole Mass Spectrometer. The total run time is 4.2 min-
utes per sample. The LC System was equipped with an
autosampler, degasser, binary pump, and thermosttated
column compartment. Separation was performed on an
Agilent Polaris C18 column. The LC operating parameters are
shown in Table 1.

Table 1. LC Operating Parameters

Column Agilent Polaris C18, 50 x 2.0 mm, 5 pm

Injection volume 1 pL

LC gradient Time Flow Mobile Phase B Mobile Phase A
0 0.8 2% 98%
2 0.8 30% 70%
25 0.8 90% 10%
35 0.8 90% 10%
3.6 0.8 2% 98%

Mobile phase A:  100% deionized water containing 0.1% formic acid

Mobile phase B:  100% methanol containing 0.1% formic acid

The Agilent 6460 Series Triple Quadrupole LC/MS/MS
System was equipped with an electrospray ionization (ESI)
source operated in positive ion mode. The MS operating
parameters are shown in Table 2.

Table 2. MS Operating Parameters

Nebulizing gas Nitrogen, (ultra high purity), 99.999%

Collision cell gas Nitrogen, (ultra high purity), 99.999%

lon source parameters Gas temperature 300°C
Gas flow 10 L/min
Nebulizer 20 psi
Sheath gas heater 350°C
Sheath gas flow 8 L/min
Capillary 4,000V
Nozzle voltage oV

Detector parameters EMV 200

Two MRM transitions were monitored for each analyte and
internal standard. The MRM transitions and MS/MS specific
parameters for the mephedrone and MDPV compounds
monitored are shown in Table 3.

Table 3. MRM Transitions and MS/MS Parameters
Dwell Collision

Precursor Productions time Fragmentation energy
Compound ion monitored (ms) voltage voltage
Mephedrone 178.1 160.1/145.0 50 95 8/20
Mephedrone-D3 181.1 163.1/148.1 50 90 8/20
MDPV 276.2 135.0/126.1 50 130 24/24
MDPV-D8 284.2 1345/149.0 50 130 28/32



Calibration Curve Construction Results and Discussion

In order to construct calibration curves for MDPV and
mephedrone over the range of 1 to 5 000 ng/mL, five repli-
cates (one injection of five extractions, n = 5) were made at
each level (1, 5, 10, 25, 50, 100, 500, 1,000, and 5,000 ng/mL).
Calibration curves were constructed by Agilent MassHunter
Software using least-squares linear regression of the ratio of
the quantitation ion abundance of the analyte/internal
standard versus the concentration of the calibrators.

The total ion chromatogram (TIC) and MRM chromatograms
for the MDPV and mephedrone, deuterated and nondeuter-
ated forms in synthetic urine at 25 ng/mL, are shown in
Figure 3. Due to the selectivity of the LC/MS/MS technique,
chemical noise was negligible and response was strong.
Ideally-shaped Gaussian peaks for quantitation were also
observed.
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Figure 3. Total ion chromatogram (TIC) and MRM chromatograms for the MDVP and mephedrone deuterated and non-deuterated forms, in
synthetic urine. Response for all compounds at 25 ng/mL was strong.



Calibration curves for MDPV and mephedrone spiked in syn-
thetic urine over the range of 1 to 5,000 ng/mL are shown in
Figure 4. Method linearity was excellent over the entire range
of concentrations, including at the low end of the calibration
curve, with an average correlation coefficient (R?) greater
than 0.999.

Based on the five replicates, an average signal-to-noise ratio
(S/N) of 19 £ 6 and 24 + 9 was obtained at 1 ng/mL for
MDPV and mephedrone, respectively. Theoretically, a lower
limit of detection (LOD) could be reached, but 1 ng/mL was
determined to be practical for most routine analyses.
Figures 5 and 6 show the method response for MDPV and
mephedrone, respectively, at 1 ng/mL.
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Figure 4. MDPV and mephedrone calibration curves demonstrated the excellent linearity of the method, even at low analyte concentration (insets).
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Figure 5. Method response for MDPV at 1 ng/mL, the LOD.




Sampie |ephecro. | Mephedtone Hesus | Wuiairer.. | Mephediane . | Yuainier
Data File Tope  [Level| Acq DateTine [ Dil [ Evp Cone | RT | Resp [MI] Cale Cone [ S [ Final Cone. [Accuacy| Ratio [MI] RT | Resp. [Ratin b
............................................. SN R ) T A )
0 5 11651117
7 10183 49712 4] 730 781 123081
ng Tea 1 rgTeald | Cal 77720 o000| 1.785 1] 788 781 118857
ng Tes 1 rgTeald | Cal 77720 o000 1.771] 167, 24,3592 4| 75 767] 113649
ngTes 1 rgTeald | Cal 77720 0000| 1.771] 107428|[[]]  48.63%4] 157 486334 785 787] 111388 ]|
OngTea 1 UngTea 1d | Cd 77720 100.0000| 1.785| 232432|[ ]| 979411 1 97,3411 79.4] 781 113545
S00ngTesai |B00ngleaid | Cd 77720 500.0000] 1.785| 990433[[ ][ 495.4569] 12 435.4563 731 767 100638
1000rgTead |1000ngTes 1.d | Cd 8 |3 1000.0000[ 1788 1797361 |[ ]| 985.9846] 105.25] 9859845 785 767] 51689| 56.4][ ]|
5000raTes 1| 6000noTea 1. | Cd s |30 soo0.0000] 17711 Ste0710l 1150217317 _seeal Buzizaizl 1004l zzell 1l 1767l Sis28l 521101
Zompound Infoimation  [|Caliration Curve
2o ¢t A9 9= [AFENE L [@]e ¢ -0 @@ e e ~ orgn|igrore  v| Weighti yx v 11D
~MAM 781> 160.1) 1 ng Tea_1.d 17815 1801 17815 1450 Mephedione - 3 Levels, 9 Levels Lised, 3 Points, 3 Points Lised, 0 OCs
£ 102 £ K102 | Ratio = 775 (380 %) § w102 [ »=0019867 "« -0.001433
5"y 2428 ER ) £ '1.05{ R"2= 053993685
3 3 s
] e g o
7 7 £oow
£
B & T
5 5 085
4 4+ 08
3 3 075
B 5 07
| | 065
06
0 0
15 U6 17 18 19 2 21 2z 23 24 25 26 27 15 16 17 18 19 2 21 22 23 24 25 26 27 055
Acquisition Time (i) Acquisition Time (i) 05
+MRM[1B1.1 5> 1631) 1 ng Tea_1.d 18175 1631 1811 > 1481 045
£ w04 1767 204 - 3
g0 [7E7 i £ 107 | Rl - S5 1003) e
3 4 3 -
35 35
. 03
E 025
25 254 0
2 B 015
15 159 a1
1 1 005
+
05 054 0
0 o 205
15 16 1.7 18 18 2 21 22 23 24 25 2B 27 15 16 17 18 19 2 21 22 23 24 25 26 27 250 0 250 500 70 1000 1250 1500 1750 2000 2250 2500 2750 3000 3250 3500 3750 4000 4250 4500 4750 !
‘Acauisiion Time [mir) ‘Acquisiion Time [ Conce

Figure 6. Method response for mephedrone at 1 ng/mL, the LOD.

The excellent reproducibility (precision at n = 5) of the
method for the nine calibrators spiked in synthetic urine is
shown in Table 4. Imprecision was within 5% relative standard
deviation (RSD). At 5 ng/mL, the level of the second to the
lowest calibrator, at least 80% accuracy was obtained when
developing the calibration curves. Thus, 5 ng/mL was chosen
as the reasonable limit of quantitation (LOQ) for the method.

Table 4. Method Precision (n=>5) for the Calibrator Compounds in

Synthetic Urine

Average conc. ng/mL

Expected conc ng/mL  MDPV (RSD%) Mephedrone (RSD%)
1 1.33 (3.83%) 1.21 (4.91%)
5 4.98 (3.98%) 4.96 (3.14%)
10 9.53 (2.49%) 9.69 (1.72%)
25 22.61 (1.84%) 23.94 (1.81%)
50 45.65 (2.64%) 47.17 (0.82%)
100 93.81 (3.12%) 96.81 (1.32%)
500 479.46 (0.92%) 485.71 (1.79%)
1000 991.13 (1.40%) 975.75 (0.98%)
5000 5042.34 (0.33%) 5045.73 (0.39%)

Though no regulatory agencies have set cut-off values for
MDPV and mephedrone, 25 ng/mL seems a suitable choice
based on the results described here.

To test for possible interferences, six compounds similar in
structure to MDPV and mephedrone were spiked in the blank
urine to reach the relatively high concentrations of 1x 108,
1x 108, 1x108, 5x104, 5x103, and 5x10% ng/mL for phenyl-
propanolamine (PPA), ephedrine, pseudoephedrine, phenter-
mine, amphetamine and methamphetamine, respectively.
Figure 7 shows the structures and molecular weights of these
compounds. Because their molecular weights are different
from both MDPV and mephedrone, no interferences were
expected to be observed. The samples were prepared,
extracted and run through the LC/MS/MS system as
described earlier.



0 0 As expected, no interferences were found. Figure 8 shows the
,O MRM chromatograms for the blank urine sample spiked with
< ™~ ephedrine at 1x108 ng/mL, a high concentration in compari-
0 son to that expected for the target synthetic cathinones. The
MDPV Mephadrone four pe.aks shown are of the MDPV-D8 and mephedrone-D3
(MW 275.3) (MW 177.2) transitions.
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mephedrone. Small peaks resulting from carryover were

“CHy observed. Figure 9 and Figure 10 show the calculated concen-
PPA Ephedrine Pseudoephedrine tration of MDPV and mephedrone in the blank sample was
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values are well below the chosen cutoff, 25 ng/mL, carryover
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m ©/Y was considered negligible.
NH,

Amphetamine Methamphetamine Phentermine
(MW 135.2) (MW 149.2) (MW 149.2)

=t
Zine

CH,

Figure 7. Six compounds similar in structure to MDPV and mephedrone.
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Figure 8. MRM chromatograms of blank urine spiked with ephedrine at 1x106 ng/mL. No interferences were observed.
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Figure 9. MDPV carryover is negligible at 3.18 ng/mL and below the cutoff value of 25 ng/mL.
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Figure 10. Mephedrone carryover is negligible at 1.53 ng/mL and below the cutoff value of 25 ng/mL.



Conclusion

Due to its selectivity and sensitivity, LC/MS/MS is a powerful
technique for screening, confirmation and quantification of
abused synthetic cathinones, such as MDVP and
mephedrone, in complex biological matrices such as urine.
The LC/MS/MS method described here offers forensics labo-
ratories an easy and robust approach that demonstrates
excellent linearity, LOD, reproducibility and LOQ, with no inter-
ferences from structurally similar compounds, and with negli-
gible carryover. The method can also be easily modified to
include the analysis of other synthetic cathinones as the need
arises.
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These data represent typical results. For more information on
our products and services, visit our Web site at
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