








































































































Limits of Detection and Quantification

Limits of detection and quantitation for the twenty-two synthetic cathinones in blood ranged
from 1-5 ng/mL (n=18), significantly lower than previously published literature using high
resolution mass spectrometry (HRMS) (50-100 ng/mL) (Pasin, 2015). Limits of detection in urine
ranged from 0.25-5 ng/mL (n=18). Extracted ion chromatograms (EICs) for all drugs at the limit
of quantitation in urine and blood are shown in Figures 5-6, respectively. Bias, precision, and
signal to noise (S/N) ratios at the limits of detection and quantitation are summarized in Tables

8-9.

Precision and Bias

Precision and bias were evaluated at low, medium, and high concentrations in triplicate over five
days. Intra-assay CVs were 0.5 —10.8% (10 ng/mL), 0.2 — 7.3% (100 ng/mL), and 0.2 — 8.6% (800
ng/mL) for urineand 0.2—-17.0% (20 ng/mL), 0.2—-8.7% (100 ng/mL), and 0.8 — 13.8% (800 ng/mL)
for blood. Inter-assay CVs over the same concentration ranges were 4.4-12.1%, 1.7 - 11.5%, and
2.5-8.6% in urine (n=15) and 3.3 - 11.7%, 2.7 — 7.0%, and 3.4 — 10.1% in blood (n=15). Bias and
precision at all concentrations tested were within acceptable ranges (+20%) and are summarized

in Tables 10 and 11.
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Figure 5. Extracted ion chromatograms in urine at the limit of quantitation.
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Figure 6. Extracted ion chromatograms in blood at the limit of quantitation.
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Table 8. Limits of detection and quantitation in urine. The mean, standard deviation (SD), signal
to noise ratio (S/N), bias, and CV (%) at the LOQ are summarized for each drug (n=18).

. LOD LOQ Mean £SD | CV .
Cathinone (ng/mL) | (ng/mL) (ng/mL) (%) S/N Bias (%)
3,4-DMMC 5 5 5.0+£0.3 6.4 23:1 -0.7

4-EMC 2 5 51+£0.3 5.3 43:1 2.3
3-FMC 1 2 2.1+£0.2 9.1 349:1 2.7
4-FMC 1 1 0.9+0.1 5.9 358:1 -8.5
4-MEC 1 1 0.9+0.05 5.3 1438:1 -8.1
Buphedrone 2 2 20%0.1 6.3 159:1 1.4
Butylone 1 2 2.0+0.2 8.3 44:1 1.6
Ethcathinone 1 2 2.0+£0.1 6.6 578:1 0.0
Ethylone 1 5 4910.4 7.1 623:1 -0.7
Eutylone 5 5 49+0.3 5.5 338:1 -1.1
MDPBP 0.5 5 5.2+0.2 4.4 556:1 4.3
MDPV 1 2 2.1+£0.1 6.9 967:1 4.0
Mephedrone 2 2 2.1+0.1 53 95:1 35
Methcathinone 0.25 0.25 0.24+0.02 | 9.9 241:1 -2.3
Methedrone 1 1 09+0.1 |14.2 102:1 -2.0
Methylone 0.25 1 09+0.1 9.4 1323:1 -0.8
MPBP 1 5 49+0.4 7.7 239:1 -1.0
Naphyrone 0.5 0.5 055+004 | 74 666:1 10.4
Pentedrone 5 5 51+0.3 6.4 489:1 1.5
Pentylone 1 5 4.7%0.3 5.3 125:1 -5.4
a-PVP 2 2 2.0+£0.2 9.4 103:1 -1.7
Pyrovalerone 0.25 0.25 0.27+0.02 | 8.0 235:1 8.7
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Table 9. Limits of detection and quantitation in blood. The mean, standard deviation (SD), signal
to noise ratio (S/N), bias, and CV (%) at the LOQ are summarized for each drug (n=18).
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. LOD LOQ Mean * SD .
Cathinone (ng/mL) (ng/mL) (ng/mL) CV (%) S/N Bias (%)
3,4-DMMC 2 2 1.87+£0.13 6.9 196:1 -6.4

4-EMC 1 1 1.02 £ 0.06 5.9 70:1 1.0
3-FMC 2 2 2.01+0.19 9.2 69:1 0.0
4-FMC 5 5 5.07+0.43 8.4 128:1 1.5
4-MEC 5 5 4,98 £0.37 7.4 72:1 -0.5
Buphedrone 5 5 4,94 +0.39 7.8 117:1 -1.2
Butylone 2 2 1.92 £+0.17 8.8 63:1 -4.0
Ethcathinone 5 5 4,82 +0.39 8.2 155:1 -3.6
Ethylone 2 2 1.96 £0.19 10.0 67:1 -3.0
Eutylone 5 5 4.80£0.39 8.2 46:1 -4.0
MDPBP 5 5 4.80+0.25 5.2 84:1 -4.0
MDPV 2 2 1.86+0.14 7.4 55:1 -7.3
Mephedrone 2 2 1.99+0.13 6.6 181:1 -0.4
Methcathinone 2 2 191+ 0.16 8.6 155:1 -4.8
Methedrone 2 2 1.90+0.17 8.9 104:1 -6.6
Methylone 2 2 1.92 £ 0.09 4.5 305:1 -4.9
MPBP 2 2 1.87+£0.16 8.3 75:1 -6.5
Naphyrone 1 1 1.00 £ 0.07 6.9 33:1 0.7
Pentedrone 5 5 5.05%+0.35 6.8 195:1 0.9
Pentylone 5 5 4,77 £0.42 8.9 61:1 -4.6
a-PVP 2 2 1.85+0.16 8.6 16:1 -7.6
Pyrovalerone 1 2 1.86 +0.13 6.8 152:1 -6.9
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Table 10. Precision and bias (n=15) in urine at low (10 ng/mL), medium (100 ng/mL) and high
(800 ng/mL) concentrations.

Intra-assay CV (%) Inter-assay CV (%) Bias (%)
Cathinone n=3 n=15 n=1>
10 100 800 10 100 800 10 100 800
ng/mL | ng/mL| ng/mL | ng/mL | ng/mL | ng/mL | ng/mL | ng/mL | ng/mL

3,4-DMMC 29-6.1 | 0.3-63|04-49 | 11.7 8.6 5.5 -1 -3 3
4-EMC 1.3-41 [ 03-22|27-55| 6.8 2.2 3.5 8 2 3
3-FMC 1.2-10.8 | 1.1-5.1 | 0.7-5.3 | 8.9 4.7 5.9 9 0 2
4-FMC 0.5-3.8 | 1.8-69|0.3-3.1| 5.6 4.5 9.2 1 4
4-MEC 1.0-89 [1.0-34|0.6-41| 121 11.5 4.3 1 1 4
Buphedrone 0.8-5.6 | 0.9-4.1|0.7-53 | 8.3 2.8 4.7 10 2 6
Butylone 1.7-7.0 | 0.2-6.2 | 1.4-5.0| 4.6 4.1 35 6 0 4
Ethcathinone | 1.3-4.5 | 3.4-73|0.9-41| 9.3 6.3 7.5 12 1 8
Ethylone 0.6-34 | 1.7-43|0.2-46 | 6.9 3.0 4.6 7 2 1
Eutylone 1.8-6.0 [1.1-3.1|1.1-42| 6.7 2.4 5.8 3 2 2
MDPBP 1.6-7.2 | 0.6-3.0 | 0.4-5.3 7.1 4.4 5.7 7 2 1
MDPV 0.8-6.8 | 1.5-34 | 1.1-4.6 6.1 5.0 5.1 7 2 1
Mephedrone | 0.5-6.8 | 0.9-2.1 | 1.5-5.5 | 4.8 2.0 3.3 7 2 2
Methcathinone | 0.9-6.4 | 0.9-3.9 | 1.4-5.8 7.0 3.0 3.5 8 1 5
Methedrone 3.6-7.2 | 0.4-14|2.0-86 | 4.7 1.7 6.4 8 1 2
Methylone 0.8-5.7 | 0.6-2.3 |3.2-74 | 4.4 2.4 2.5 6 1 2
MPBP 24-45 | 25420447 | 94 4.3 3.2 6 2 5
Naphyrone 3.9-7.2 | 0.5-25|04-42| 6.0 1.8 3.3 8 3 3
Pentedrone 1.0-3.2 | 1.2-46|1.9-7.3 7.8 3.6 4.1 8 1 5
Pentylone 29-85 | 1.3-3.8|1.1-39| 116 3.6 5.8 3 4 3
a-PVP 1.5-39 (0.2-36|1.6-47| 6.7 4.2 8.9 9 0 6
Pyrovalerone 1.6-3.9 | 1.3-2.5| 0.7-3.5 8.7 2.3 34 7 2 3
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Table 11. Precision and bias (n=15) in blood at low (20 ng/mL), medium (100 ng/mL) and high
(800 ng/mL) concentrations.

Intra-assay CV (%) Inter-assay CV (%) Bias (%)
Cathinone n=3 n=15 n=15
20 100 800 20 100 800 20 100 800
ng/mL ng/mL ng/mL | ng/mL | ng/mL | ng/mL | ng/mL | ng/mL | ng/mL
3,4-DMMC 2.3-95 | 1.2-7.2 | 2.1-13.8 6.9 4.9 10.1 -3 1 2
4-EMC 1.5-5.8 | 0.9-7.2 | 4.6-5.6 4.9 5.0 8.3 -1 -2 -2
3-FMC 1.1-17.0 | 0.3-6.2 1.8-9.8 9.1 5.6 8.1 0 11 4
4-FMC 0.8-11.7 | 1.3-5.8 | 5.1-8.5 6.0 3.8 7.6 2 11 2
4-MEC 0.7-54 | 1.3-40 | 2.1-7.3 5.7 3.7 7.7 3 1 2
Buphedrone 1.3-9.7 | 0.8-55 | 2.1-8.7 6.8 5.6 7.4 4
Butylone 0.9-8.1 | 2.4-3.8 | 3.8-5.2 4.6 4.0 5.5 -6 1 -1
Ethcathinone | 1.6-14.0 | 0.5-7.4 | 5.5-9.4 8.8 6.0 7.2 6 11 4
Ethylone 1.1-75 | 1.5-2.6 | 1.7-6.3 3.3 4.3 3.6 0 -1 0
Eutylone 1.3-5.6 | 2.2-6.0 | 6.3-10.0 6.6 5.9 5.1 -1 3 1
MDPBP 1.1-5,5 | 1.5-5.4 | 1.0-6.7 5.7 5.1 3.9 9 -2 1
MDPV 1.2-5.8 | 0.2-6.1 | 1.5-6.4 3.6 4.1 4.9 -7 5 3
Mephedrone 1.3-6.6 | 1.0-2.2 | 4.2-46 3.6 3.7 6.2 -5 3 1
Methcathinone | 0.6-8.6 | 0.8-3.9 | 1.7-5.5 6.2 4.6 8.0 3 6 3
Methedrone 0.2-10.7 | 1.1-39 | 2.3-5.7 6.6 2.9 6.3 -2 -6 -4
Methylone 1.4-55 | 0.5-3.7 | 2.4-4.8 3.9 3.7 3.4 -6 1 1
MPBP 0.2-12.6 | 0.9-6.2 | 0.8-6.5 11.7 4.9 9.4 3 1
Naphyrone 1.1-9.1 | 0.7-24 | 1.4-3.0 6.8 2.7 3.8 -1 0
Pentedrone 1.9-11.5 | 2.0-3.7 | 2.5-5.9 6.3 4.8 7.2 4 6
Pentylone 0.7-6.2 | 0.9-6.7 | 8.4-8.4 6.6 7.0 8.3 -5 -2 1
a-PVP 3.1-8.8 | 0.8-8.7 | 7.0-10.8 7.2 5.4 7.6 -3 4 -4
Pyrovalerone | 0.3-10.6 | 0.6-4.0 | 3.7-7.3 5.3 3.9 6.8 7 5 3

Interferences and Matrix Effects

Interferences from matrix, isotopically labeled internal standards, and other drugs were
systematically evaluated. Ten drug-free urine matrices from independent sources did not reveal
interferences and there were no interfering ion contributions associated with the deuterated
analogs. Furthermore, there were no qualitative interferences from more than fifty other
compounds, including common drugs, amphetamine-like drugs, designer drugs, or
therapeutically used cathinones, and putrefactive amines (Table 5). Negative and positive

controls (10 ng/mL and 100 ng/mL) were analyzed in the presence of a 10- and 100-fold higher
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concentration of potential interferents (1,000 ng/mL). No qualitative interferences were present

for any of the compounds tested.

The potential for ion suppression or enhancement was evaluated using ten independently
sourced blood and urine samples. Matrix effects were evaluated quantitatively using the post-
extraction addition technique for all twenty-two analytes and nine internal standards. lonization
suppression in urine was -17 to -1% at 20 ng/mL and -21 to -4% at 200 ng/mL. Corresponding CVs
were 2.4-13.7% and 3.5-7.5%, respectively. lonization suppression in blood was -15 to 7% at 50
ng/mL and -3 to 3% at 500 ng/mL. Corresponding CVs in blood were 2.5-7.6% and 0.9-3.2%,
respectively. Although some ion suppression was evident, matrix effects were well-within

tolerable limits (£20%) and CVs were <15% (Table 12).

Dilution integrity was evaluated using two and four-fold dilutions of matrix at 1,000 ng/mL. All
guantitative measurements were within 20% of the expected value. No carryover was present at
1,000 or 2,500 ng/mL for any of the analytes. However, at 5,000 ng/mL, carryover was observed
for naphyrone in both matrices. Finally, processed samples were stable for 48 hours at 25 and

350 ng/mL.
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Table 12. Matrix effect (%) and associated CVs in urine (20 and 200 ng/mL) and blood (50 and

500 ng/mL) (n=10).

Urine Blood
Cathinone Cr:i(lo/oo) Matrix Effect (%) CLS/;) Matrix Effect (%)
20 200 20 200 50 500 50 500
ng/mL | ng/mL | ng/mL | ng/mL | ng/mL | ng/mL | ng/mL | ng/mL
3,4-DMMC 10.5 6.0 -17 -18 7.0 1.0 5 2
4-EMC 9.8 5.2 -14 -5 7.6 1.3 4 1
3-FMC 13.2 3.5 -15 -21 4.0 3.2 -5 0
4-FMC 7.6 7.5 -2 -16 3.1 0.9 2 2
4-MEC 4.0 4.9 -10 -16 5.9 1.8 4 -2
Buphedrone 6.9 7.2 -6 -7 5.1 1.7 3 3
Butylone 4.0 6.9 -10 -18 5.2 1.9 6 3
Ethcathinone 5.5 8.9 -5 -9 3.9 1.2 -5 -3
Ethylone 4.7 6.1 -5 -13 4.0 1.5 4 1
Eutylone 8.7 5.5 -14 -9 4.7 2.2 1 2
MDPBP 4.9 4.8 -8 -12 3.3 15 -2 2
MDPV 8.6 4.4 -6 -7 5.3 1.5 -11 2
Methcathinone 9.9 5.8 -13 -14 5.4 1.5 5 2
Methedrone 7.0 5.7 -12 -9 3.4 1.4 -3 0
Methylone 5.4 5.7 -6 -4 49 1.2 7 2
Mephedrone 3.8 6.6 -12 -15 4.6 1.2 -2 0
MPBP 6.6 4.1 -9 -10 2.5 1.0 -8 0
Naphyrone 2.4 4.8 -8 -11 3.3 1.4 -15 1
Pentedrone 5.9 5.9 -5 -9 3.7 2.4 -1 0
Pentylone 13.7 5.7 -8 -11 4.4 1.5 0 3
a-PVP 8.0 6.9 -1 -10 4.6 1.6 -9 -1
Pyrovalerone 3.5 4.6 -4 -10 2.7 0.9 -10 2
Butylone-D3 3.6 3.3 -7 -10 49 2.6 8 -1
Ethylone-D5 4.8 2.9 -7 -6 3.7 2.3 4 1
Eutylone-D5 11.0 3.0 -6 -7 4.8 4.6 2 1
MDPV-D8 8.0 4.3 -22 -6 2.2 2.4 -12 2
Methylone-D3 51 3.2 -16 -6 53 3.3 9 -1
Mephedrone-D3 3.6 2.5 -8 -7 2.8 3.1 4 0
Naphyrone-D5 2.3 4.2 -14 -10 3.2 1.9 -25 -1
Pentylone-D3 13.2 3.5 -6 -6 6.2 3.9 -1 1
a-PVP-D8 54 3.8 -4 -2 3.6 2.6 -8 0
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Stability of Cathinones

The study was designed to evaluate concentration, temperature, matrix, pH, and analyte-
dependent stability. One-way ANOVA was used to determine statistical significance in the means
of samples (a=0.05). Concentration dependence was assessed by comparing the percentage of
drug remaining (% target) at 100 ng/mL and 1,000 ng/mL to normalize the data. Absolute
concentration (ng/mL) was used to evaluate temperature, pH, matrix, and analyte dependence.
No significance testing was performed if drug concentrations were within 20% of the initial
(target) concentration for the entire duration of the study. Cathinone stability in blood (pH 7) and

urine (pH 4 and 8) are summarized in Figures 7-9.

Half-Life Estimation

Half-lives (t1/2) for each drug were determined over the six-month period using blood and urine
specimens that had been fortified with 1,000 ng/mL drug. Assuming first-order decay, rate
constants (k) and half-lives were calculated from duplicate measurements at each time interval
(t1/2=In2/k). Rate plots were only generated if a significant decrease in concentration (>20%) was
evident over three consecutive measurements. In whole blood, half-lives were estimated for all
drugs at elevated and ambient temperatures. In contrast, when frozen, all drugs were stable for
the entire six month period, with the exception of 3-FMC. (Figure 10). Rate plots for urine at pH
4 and 8 are shown in Figure 11. Due to the rapid degradation of some of the cathinones under
some conditions, sampling intervals were very short (every two hours). Due to the analyte-
dependent variability, an expanded view of the data for the least stable condition tested (pH 8 at
elevated temperature) is also shown. The estimated half-lives under each condition tested are
summarized in Tables 13-15 and the analyte, temperature and pH dependence of cathinone

stability are discussed in more detail below.

45

This resource was prepared by the author(s) using Federal funds provided by the U.S.
Department of Justice. Opinions or points of view expressed are those of the author(s) and do not
necessarily reflect the official position or policies of the U.S. Department of Justice















LnC

Figure 11. Rate plots and estimation of t1/; in urine.
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Table 13. Estimated t1/2 in blood. Drugs are listed in alphabetical order.
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Cathinone Frozen Refrigerated Ambient Elevated
(months) (months) (days) (hours)
3,4-DMMC - 34 4.0 22
4-EMC - 2.7 3.4 21
3-FMC 2.6 13d 22 h 8
4-FMC - 1.5 2.8 16
4-MEC - 4.1 4.1 13
Buphedrone - 4.0 3.4 14
Butylone - - 21 4.1d
Ethcathinone - 2.9 4.5 8
Ethylone - - 18 2.8d
Eutylone - - 31 4.8d
MDPBP - - 2.7m 21d
MDPV - - 2.7m 10d
Mephedrone - 3.3 4.6 29
Methcathinone - 1.9 4.2 17
Methedrone - 5.9 7.3 28
Methylone - 9.6 8.6 14d
MPBP - 15 1.7m 8.2d
Naphyrone - 10 11 14d
Pentedrone - 3.0 4.3 20
Pentylone - - 16 2.1d
a-PVP - - 20 24d
Pyrovalerone - - 28 3.3d
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Table 14. Estimated t1/2in urine (pH 4.0). Drugs are listed in alphabetical order.

Cathinone Frozen Refrigerated Ambient Elevated
(months) (months) (months) (months)
3,4-DMMC - - 14 2.0
4-EMC - - 11 1.3
3-FMC - - 1.8 10d
4-FMC - - 5.8 1.1
4-MEC - - 9.7 1.6
Buphedrone - - - 1.8
Butylone - - - 7.4
Ethcathinone - - 8.2 1.4
Ethylone - - - 2.5
Eutylone - - - 13
MDPBP - - - -
MDPV - - - -
Mephedrone - - 14 1.5
Methcathinone - - 6.6 1.2
Methedrone - - - 2.3
Methylone - - - 1.9
MPBP - - - -
Naphyrone - - - -
Pentedrone - - 13 1.8
Pentylone - - - 5.2
a-PVP - - - -
Pyrovalerone - - - -
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Table 15. Estimated t1/2in urine (pH 8.0). Drugs are listed in alphabetical order.
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Cathinone Frozen Refrigerated Ambient Elevated
(months) (months) (days) (hours)
3,4-DMMC 5.3 21d 1.7 11
4-EMC 4.4 17d 1.3 9
3-FMC 1.3 45d 9h 2
4-FMC 2.7 8.8d 20 h 5
4-MEC 5.5 25d 1.3 9
Buphedrone 5.6 1 2.3 20
Butylone - 3.8 8 2.1d
Ethcathinone 4.5 14 d 23 h 8
Ethylone 13 1.8 3.2 19
Eutylone - 6.2 11 3d
MDPBP - - 43m 3.6m
MDPV - - 43m 1.7m
Mephedrone 4.7 25d 1.5 10
Methcathinone 2.9 9.3d 18 h 5
Methedrone 7.6 1.7 3.7 19
Methylone 8.7 1.4 3 1d
MPBP - 15 1.4m 1.6m
Naphyrone - 3.9 11 4.8d
Pentedrone 4.3 19d 1.4 10
Pentylone 15 2.6 5 1.4d
a-PVP - 7.1 1.3 m 18d
Pyrovalerone - 11 1.0m 1.2m
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Concentration Dependence

Cathinone stability was evaluated at 100 and 1,000 ng/mL in each matrix, under a variety of
conditions. Concentration dependence was evaluated statistically using a one-way ANOVA to
compare the means (% target at each sampling interval) at each temperature in blood, and at
each temperature and pH in urine. Statistical significance was evaluated for each drug under all

twelve conditions (four in blood, eight in urine).

Due to the large number of drugs, graphical representations of the data were color-coded to
facilitate interpretation (Table 6, Figure 2). Cathinones (2° amines) without aromatic substituents
(R1 and Rz = H) were identified in green; 2° amines with benzylic substituents (R1 or Rz # H) were
yellow; cathinones with a methylenedioxy (MD) groups were indicated with a magenta line (for

both 2° and 3° amines); and 3° amines (pyrrolidine-type) cathinones were shown in purple.

No concentration dependent instability was observed for any of the drugs. Figure 12 depicts
representative stability data in refrigerated blood at both concentrations tested. Table 16
summarizes actual stability data (normalized to % target concentration) for methcathinone in
blood at elevated temperature demonstrating lack of significance (a=0.05), F(1,58)=0.004,
p=0.95. Due to the absence of concentration dependent stability for any of the drugs, all
subsequent statistical evaluations of temperature, pH, matrix, and analyte dependence were

undertaken at 1,000 ng/mL.

Table 16. Stability of methcathinone in blood at elevated temperature (100 ng/mL and 1,000
ng/mL). Data is normalized to % Target concentration, based on replicate measurements at each
sampling interval (time).

Methcathinone in Blood
Elevated Temperature

Time (Days) | % Target (100 ng/mL) | % Target (1000 ng/mL)
0 102% 102%
0.3 95% 102%
0.6 92% 93%
1 87% 86%
1.5 67% 68%
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Figure 12. Cathinone stability in blood at refrigerated temperature at 100 and 1,000 ng/mL.
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Analyte Dependence

In order to evaluate the significance of analyte dependence, ANOVA was used to examine the
variances within and between populations. For example, before determining the significance of
the methylenedioxy group, it was necessary to show that difference within the group were not
significant (F < F or F-crit). Due to notable differences in stability for some of the fluorinated

cathinones, it was necessary to exclude them from some of the comparisons.
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Among the secondary amines, there were no significant differences in stability between
unsubstituted and ring substituted cathinones at elevated and ambient temperatures in blood
due to their very rapid degradation under these conditions. No significant differences were
observed in refrigerated or frozen blood when 3-FMC and 4-FMC were excluded. 3-FMC was
consistently the least stable drug. Similar trends were observed in urine. No significant
differences in stability were observed between substituted and unsubstituted cathinones in urine
at pH 8 at elevated, ambient, or refrigerated temperatures. However, due to increased overall

stability of the drug in acidic urine (pH 4), statistical comparisons could not be made at this pH.

Addition of the methylenedioxy (MD) group had a significant stabilizing effect. Among the
secondary amines, MD substituted cathinones were more stable than their unsubstituted
counterparts at all temperatures in pH 4 urine, and at ambient and refrigerated temperatures at
pH 8. Furthermore, under the most unfavorable alkaline conditions, methylenedioxy substituted
cathinones (ethylone, butylone, pentylone, methylone, and eutylone) were significantly more
stable than their ring substituted counterparts (mephedrone, 4-MEC, 4-EMC, 3-FMC, 4-FMC,
methedrone, and 3,4-DMMOC) at all temperatures tested including refrigerated, F(11,273)=8.74,
p<0.0001. The stabilizing effect of the methylenedioxy group was also evident for the tertiary
amines (pyrrolidines). MD substituted pyrrolidines were generally observed to be more stable
that their non-MD substituted counterparts, although in all but a few instances, the differences
were not statistically significant. Comparisons between these groups were not always possible
due to within group variability among the pyrrolidinyl analogs, notably naphyrone (the least

stable among the group).

The stabilizing effect of the methylenedioxy group was evident throughout, most notably
between unsubstituted secondary amines and the methylenedioxy substituted tertiary amines
(F(5,131)=24.4, p<0.0001) and F(5,125)=4.7, p<0.0001 in refrigerated urine (pH 8) and blood,
respectively). Similar results were obtained with substituted secondary amines (F(8,218) = 24.1,

p<0.0001) in urine (pH 8) and blood, F(8,252)=3.1, p=0.002). Similar trends were observed in
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http:F(11,273)=8.74

urine (pH 4), although the magnitude of the significance was variable, due to changes in overall

stability (i.e. temperature and pH).

An even greater stabilizing influence was observed between the secondary and tertiary amines.
Tertiary amines were consistently more stable than their secondary amine counterparts. This
stabilizing effect was even evident when comparing the most stable MD substituted secondary
amines with their pyrrolidinyl counterparts. MD substituted tertiary amines were more stable
than MD substituted secondary amines and this was particularly evident under unfavorable

conditions such as alkaline pH, F(6,147)=10.0, p<0.00001, even when refrigerated.

As expected, stability was highly analyte dependent. Table 17 highlights how structural
characteristics influence cathinone stability, from least to most stable at elevated temperature
in blood. Pyrrolidinyl-type cathinones with tertiary amines were notably more stable than their
secondary amine counterparts. The inability of the tertiary amines to undergo oxidative
deamination is a likely explanation. Although not within the scope of this report, degradation
products are currently under investigation using HRMS. Although significant differences between
unsubstituted and ring substituted secondary amines were not observed, substitution with a
methylenedioxy group had a notable stabilizing effect for all drugs. Among the twenty-two drugs
tested, methylenedioxy substituted pyrrolidinyl cathinones were the most stable, followed by
tertiary amines and methylenedioxy substituted secondary amines. Substituted and
unsubstituted secondary amines were the least stable, with 3-FMC exhibiting the greatest
instability of all. The notable difference in stability between 3-FMC and its substituted
counterparts (including 4-FMC) were most apparent under conditions which favored overall
stability (i.e. frozen blood or acidic urine). These analyte dependent differences in stability are

summarized for all matrices in Table 18.
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Table 17. Analyte dependent stability of synthetic cathinones (least to most stable) at elevated
temperature in blood.

Cathinone Ring Substituents | Amine Blood ty/, (h)
3-FMC Secondary 8
Ethcathinone Unsubstituted Secondary 8
4-MEC Secondary 13
Buphedrone Unsubstituted Secondary 14
4-FMC Secondary 16
Methcathinone | Unsubstituted Secondary 17
Pentedrone Unsubstituted Secondary 20
4-EMC Secondary 21
3,4-DMMC Secondary 22
Methedrone Secondary 28
Mephedrone Secondary 29
Methylone MD-substituted Secondary 33
Naphyrone Substituted Tertiary 33
Pentylone MD-substituted Secondary 51
PVP Unsubstituted Tertiary 58
Ethylone MD-substituted Secondary 68
Pyrovalerone Substituted Tertiary 78
Butylone MD-substituted Secondary 98
Eutylone MD-substituted Secondary 116
MPBP Substituted Tertiary 197
MDPV MD-substituted Tertiary 244
MDPBP MD-substituted Tertiary >365
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Table 18. Influence of structure on cathinone half-life in blood and urine.

Half Life in Blood
Amine Ring Substitution | Elevated Ambient Refrigerated Frozen
Tertiary MD-substituted 10-21d 2.7m - -
Tertiary - 1-8d 0.3-1.7m >10m -
Secondary | MD-substituted 1-5d 9-31d >10m -
Secondary | - 8-29h 1-7d 0.4-6m 2.6m (3-FMC)
Half-Life in Urine (pH 8)
Amine Ring Substitution | Elevated Ambient Refrigerated Frozen
Tertiary MD-substituted 2-4m 4dm - -
Tertiary - 5-46d 0.4-1.4m >4m -
Secondary | MD-substituted 19-72h 3-11d 1.4-6m 28m
Secondary | - 2-20h 0.4-4d 4 -25d >1m
Half-Life in Urine (pH 4)
Amine Ring Substitution | Elevated Ambient Refrigerated Frozen
Tertiary MD-substituted - - - -
Tertiary - - - - -
Secondary | MD-substituted >2m - - -
Secondary | - 0.3-2.3m 22m - -

Temperature Dependence

Cathinone stability was also highly temperature dependent (Figures 7-9 and 13-14). Temperature
dependent differences were significant (p<0.001) for all twenty-two cathinones at both 100
ng/mL and 1,000 ng/mL (a=0.05). For the most unstable drug (3-FMC) in the most unfavorable
matrix (urine at pH 8), half-lives ranged from 2 hours at elevated temperature to 40 days when
frozen. These results highlight how low temperatures significantly reduced degradation, even for

the most unstable cathinones.

The influence of storage temperature on stability range, or the time period during which the drug
was stable (< 20% loss) is shown graphically in Figure 15. These charts depict the range for the
most stable drug within the class and Table 19 provides the range of stability for each of the
cathinone groups. This data not only highlights the importance of storage temperature on
cathinone stability, but also analyte dependent variables discussed earlier. At elevated

temperature (32°C) in blood, significant losses were observed for unsubstituted and ring
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substituted cathinones within hours and within 8 days for the pyrrolidines. Unless protected from
heat, it is not uncommon for specimens to be exposed to elevated temperatures during shipping
and transport to the laboratory, particularly during summer months. Although the range of
stability at elevated temperature in urine at pH 8 was comparable to blood (hours to days), the
influence of urinary pH on stability was striking for all temperatures tested. Cathinones were
equally stable in acidic (pH 4) urine for the entire duration of the study at both refrigerated and
frozen temperatures. In contrast, significant losses were observed even in frozen urine at alkaline
pH (pH 8) for many of the cathinones, in particular the unsubstituted and ring substituted
secondary amines. In urine (pH 8) and blood, at refrigerated temperature, significant losses were
observed for all cathinones within 30 days, with the exception of the pyrrolidines. This is
significant because the majority of forensic toxicology laboratories utilize refrigeration for short-
term storage of biological specimens. Similar trends were observed in blood. At refrigerated
temperature, with the exception of 3-FMC, all of the cathinones were stable or exhibited only
moderate losses (<40% loss) in blood after 30 days. Cathinones stabilized by the pyrrolidine or
methylenedioxy groups were more stable and several did not experience significant loss for the

entire duration of the study.

With the exception of alkaline urine (pH 8) and 3-FMC, half-lives for cathinones under frozen
conditions were precluded, due to their overall stability. As expected, half-lives decreased
significantly with increasing temperature, ranging from hours to days in blood and alkaline urine

at elevated temperature for most drugs.
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Figure 13. Temperature dependent stability of cathinones (tertiary amines) in blood and urine.
Unlabeled data indicates a half-life of >365 days or no measurable half-life due to stability.
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Figure 14. Temperature dependent stability of cathinones (secondary amines) in blood and

urine. Unlabeled data indicates a half-life of >365 days or no measurable half-life due to
stability.
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Figure 15. Range of stability in blood and urine (pH 8 and pH 4).
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Table 19. Range of stability (no significant change in concentration) in blood and urine at
elevated, ambient, refrigerated, and frozen temperatures at 100 ng/mL.

Stability Range in Blood
Amine Ring Substitution | Elevated Ambient Refrigerated Frozen
Tertiary MD-substituted 9-14d 55d >6m >6m
Tertiary - 3-7d 14 —-24d 4.3 ->6m 3.4 ->6m
Secondary | MD-substituted 2-4d 11-27d 3.3->6m >6m
Secondary | - <2d <1-8d 4-101d 0.5 ->6m
Stability Range in Urine (pH 8)
Amine Ring Substitution | Elevated Ambient Refrigerated Frozen
Tertiary MD-substituted 5-13d 28d >6m >6m
Tertiary - 1-3d 3-7d 18 -91d 0.5->6m
Secondary | MD-substituted <1d 1-5d 5-21d 0.5->6m
Secondary | - <1d <1d 1-5d 3-19d
Stability Range in Urine (pH 4)
Amine Ring Substitution | Elevated Ambient Refrigerated Frozen
Tertiary MD-substituted >6m >bm >6m >bm
Tertiary - 4.8 ->6m >bm >6m >bm
Secondary | MD-substituted 68 —143d >6m >6m >6m
Secondary | - 21-78d 1.4 ->6m >6m >6m

pH and Matrix Dependence

Although matrix dependent differences were observed, these were likely due to differences in
pH, which were shown to be highly significant. In general, specimen pH appeared to have far
greater influence on cathinone stability than the composition of the biological matrix (blood pH
7 versus urine at pH 8) (Figure 16). Figure 17 summarizes half-life ranges graphically by matrix
pH, from most alkaline (unstable) to most acidic (stable) over the range of temperatures tested.
This shows that under most conditions, cathinone stability in blood (pH 7) followed similar trends
as pH 8 urine; and most importantly, stability in alkaline urine (pH 8) was markedly different from
acidic urine (pH 4). Under acidic conditions, cathinones (including 3-FMC) were stable at
refrigerated and frozen temperatures. This is a significant finding because although steps can be
taken to preserve biological evidence during shipping, handling and storage, specimen pH is not
within the control of the laboratory. The influence of specimen pH on cathinone stability not only

applies to blood and urine as described here, but to other biofluids that have a tendency towards
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acidity or alkalinity (e.g. oral fluid, breast milk, amniotic fluid) (Kerrigan, 2010). Figure 18 also

depicts pH dependence of the tertiary and secondary amines in each matrix.

In addition to the determination of half-lives in each matrix and pH (Tables 13-15), the number
of days to produce a significant (20%) or complete (100%) loss of drug was also determined (Table
20). With the exception of the methylenedioxy- or pyrrolidine-stabilized analogs, significant
losses were observed in blood within hours to days in alkaline urine, compared with
approximately one month or more at acidic pH (with the exception of 3-FMC). Significant losses
in blood were observed on the order of days for all drugs (except 3-FMC) at both elevated and
ambient temperatures. These results highlight the need to limit exposure to elevated or ambient
temperatures where practical, refrigerate evidence upon receipt and interpret results within the

context of evidence handling protocols.

While significant losses occurred on the order of days in many conditions, complete losses did
not occur until weeks or months later. This data shows that despite changes in concentration
over time, cathinones were detectable for extended periods at refrigerated and frozen
temperatures. Although all temperatures were evaluated for a period of six months, biological
samples are rarely exposed to elevated temperatures for extended periods. Biological samples
transferred to the laboratory without protection form environmental conditions may be exposed
to elevated temperatures for days, rather than weeks. Once in the laboratory, exposure to
ambient temperatures are limited during the accessioning and evidence handling processes
(typically hours). Thereafter, samples are maintained at refrigerated or frozen temperatures for

short or long term storage.

The analyte, pH, and temperature dependent variables associated with cathinone stability must
be carefully considered when interpreting quantitative results. Under optimal conditions (acidic
pH and low temperature), losses can be minimized for all drugs, including the most unstable

cathinones.
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Figure 16. Cathinone stability on blood and urine (pH 8).

Blood (pH 7) Urine (pH 8)
32°C 32°C
1208 1208
1009 10086
B0% B0%
60% 60%
4054 405
208 208
094 0%
0 15 30 45 60 75 S0 105 120 135 150 165 0 15 30 45 B0 75 S0 105 120 135 150 185
20°C 20°C
1208
1009
B0%
60%
4054
20%
0% &
0 15 30 45 60 7% 20 105 120 135 1%0 165 180 0 15 30 45 60 75 50 105 120 135 150 165

4°c

0 15 30 45 &0 75 90 105 130 135 150 165

i

0 15 30 45 61][;'_5-?590 105 120 135 150 165

3T -20°C
1208 200

1008

0 15 30 45 &0 75 90 105 120 135 150 165
Days

0 15 30 45 &0 75 S50 105 120 135 150 165 1BO0

e Methcathinone ssss3-FMC i 4-FMC i Methylone mmps Ethcathinone  ssjilssEthylone
s Methedrone smfiles Buphedrone e Butylone =g Mephedrone =y Eutylone i 4-MEC
=i MDPBP =gy Pentedrone === Pentylone e 3 4-DMMC sl 5| pha-PVP el 4-FMC
e VIPBP g MDPY e Pyrovalerone s Maphryone

67

This resource was prepared by the author(s) using Federal funds provided by the U.S.
Department of Justice. Opinions or points of view expressed are those of the author(s) and do not
necessarily reflect the official position or policies of the U.S. Department of Justice



Figure 17. Influence of matrix pH on cathinone stability (ti/2).
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Figure 17 continued. Influence of matrix pH on cathinone stability (t1/2).
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Figure 18. Matrix and pH dependent stability (ti/2) of pyrrolidinyl cathinones (tertiary amines).
Influence of matrix pH on cathinone stability (t1/2). Unlabeled data indicates a half-life of >365

days or no measurable half-life due to stability.
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Figure 19. Matrix and pH dependent stability (ti2) of cathinones with secondary amines.
Influence of matrix pH on cathinone stability (t1/2). Unlabeled data indicates a half-life of >365
days or no measurable half-life due to stability.
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Table 20. Number of days to significant (20%) and complete (100%) loss of drug.

Blood (1,000 ng/mL)

Cathinone Elevated Ambient Refrigerated Frozen

20% | 100% | 20% 100% 20% | 100% 20% 100%

Loss Loss Loss Loss Loss Loss Loss Loss
3,4-DMMC 1 3 3 24 34 -- 184 --
4-EMC 1 3 3 24 34 -- 166 --
3-FMC 5.5h 2 1 7 7 88 34 --
4-FMC 1 3 3 24 19 -- 46 --
4-MEC <2 4 5 31 76 -- -- --
Buphedrone <2 4 5 27 76 -- -- --
Butylone 3 27 14 166 146 -- -- --
Ethcathinone <2 3 5 24 41 -- 166 --
Ethylone 3 19 14 115 166 -- -- --
Eutylone 3 31 27 184 -- -- -- --
MDPBP 7 130 31 -- -- -- -- --
MDPV 7 88 55 -- -- -- -- --
Mephedrone <2 4 5 24 55 -- -- --
Methcathinone 1.5 3 3 19 19 -- 166 --
Methedrone <2 9 8 55 88 -- -- --
Methylone 2 11 11 88 101 -- -- --
MPBP <4 55 19 -- 166 -- -- --
Naphyrone <3 11 11 59 88 -- 184 --
Pentedrone 1 3 3 19 34 -- -- --
Pentylone <3 19 11 166 166 -- -- --
o-PVP 3 24 11 184 88 -- 166 --
Pyrovalerone 3 27 19 184 166 - 184 --

Urine pH 8 (1,000 ng/mL)

Cathinone Elevated Ambient Refrigerated Frozen

20% | 100% | 20% 100% 20% | 100% 20% 100%

Loss | Loss Loss Loss Loss Loss Loss Loss
3,4-DMMC 5h 4 1 16 5 -- 28 --
4-EMC 5h 3 1 11 5 143 11 --
3-FMC 2h <1 4h 3 <1 42 5 --
4-FMC 4h <3 6h 7 1 56 9 --
4-MEC 5h 3 <1 11 3 172 9 --
Buphedrone 6h 5 <1 14 3 -- 5 --
Butylone 1 18 3 63 18 -- 38 --
Ethcathinone 5h 3 <1 9 2 143 12 --
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Ethylone 8h 7 1 24 9 -- 28 --
Eutylone 1 21 4 91 21 -- -- --
MDPBP 1 -- 4 -- 143 -- - -
MDPV 18 -- 28 -- -- -- -- --
Mephedrone 5h 4 <1 12 3 -- 12 -
Methcathinone 4h <2 6h 5 2 56 7 --
Methedrone 8h 7 1 38 8 -- 16 -
Methylone 6h 7 1 24 5 -- 38 --
MPBP 1 172 7 -- 91 -- - -
Naphyrone 1 78 4 78 18 -- 38 --
Pentedrone 5h 4 <1 11 3 143 12 --
Pentylone <1 11 2 38 7 -- 38 --
a-PVP 3 172 3 -- 18 -- -- --
Pyrovalerone <2 -- 6 -- 91 -- -- --
Urine pH 4 (1,000 ng/mL)

Cathinone Elevated Ambient Refrigerated

20% | 100% | 20% 100% 20% | 100% 20% 100%

Loss | Loss Loss Loss Loss Loss Loss Loss
3,4-DMMC 42 - 172 -- -- -- - -
4-EMC 38 172 91 -- -- -- -- --
3-FMC 9 143 21 -- -- -- - -
4-FMC 28 143 63 -- -- -- - -
4-MEC 42 - 91 -- -- -- - -
Buphedrone 63 -- 91 -- -- -- -- --
Butylone 143 - - -- -- -- - -
Ethcathinone 38 - 63 -- -- -- - -
Ethylone 78 -- -- -- -- -- -- --
Eutylone 172 -- -- -- -- -- -- --
MDPBP 143 - - -- -- -- - -
MDPV -- - - -- -- -- - -
Mephedrone 38 -- 91 -- -- -- -- --
Methcathinone 28 143 63 -- -- -- - -
Methedrone 68 -- -- -- -- -- -- --
Methylone 63 - - -- -- -- - -
MPBP -- - - -- -- -- - -
Naphyrone 172 -- -- -- -- -- -- --
Pentedrone 42 -- 115 -- -- -- -- --
Pentylone 115 -- -- -- -- -- -- --
a-PVP -- - - -- -- -- - -
Pyrovalerone -- -- --
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Authentic Urine Specimens from Cathinone Users

In accordance with an IRB-approved study, authentic urine samples from cathinone users were
investigated following a specified time of storage at refrigerated temperature. A total of 188
urine specimens were received and quantitatively analyzed using the validated procedure
described earlier. The initial drug concentration and date of analysis was provided by the
reference laboratory. The original 188 specimens yielded a total of 197 cathinone positive results
for a-PVP (n=114), ethylone (n=61), methylone (n=11), MDPV (n=1), butylone (n=1), pentylone
(n=1), 4-FMC (n=2), 4-MEC (n=2) and pentedrone (n=4). No quantitative comparison was made
between data if the original date of analysis was unknown or if results were reported qualitatively
during either assay. Of the 197 positive findings, it was possible to make quantitative
comparisons on 162 results. Quantitative comparisons are summarized in Tables 21-24.

Qualitative data is summarized in Table 25.

Specimens were stored for a period of 5 to 59 months at refrigerated temperature and specimen
pH upon reanalysis ranged from 4.5 to 10. Alpha-PVP, ethylone, and methylone were further
investigated due to their relatively large populations. Not surprisingly, a-PVP exhibited the best
correlation due to its overall stability (Figure 20). Conversely, a sample containing 7,316 ng/mL
methylone was undetectable upon reanalysis. However, this specimen had been stored for 55

months and had a pH of 9.3, which is highly unfavorable.

Among the a-PVP positive samples (n=114), specimen pH ranged from 4.5 to 10 and storage time
ranged from 5 to 52 months. Quantitative reanalysis produced results between 0% and 119% of
the original result (Table 21). Original a-PVP concentrations in urine were 25 — 104,111 ng/mL,
with mean and median concentrations of 4,571 and 1,068 ng/mL, respectively. Upon reanalysis
a-PVP concentrations were in the range 0— 19,926 ng/mL, with mean and median concentrations
of 1,890 and 100 ng/mL, respectively. The percent of drug remaining was investigated as a
function of pH and storage time (Figure 21). Although it was not possible to determine a
correlation as a function of storage time (due to clustering), the influence of specimen pH was

evident. Upon reanalysis, alkaline urine specimens resulted in much lower drug concentrations,
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relative to acidic urine samples. In general, for a-PVP, the lowest % drug remaining was found in

urine samples with urinary pHs of 8.5 and above.

Among the ethylone positive samples (n=61), the pH of the specimen ranged from 5 to 10 and
storage time ranged from 5 to 16 months. Quantitative reanalysis produced results between 0%
and 102% of the original result (Table 22). Original ethylone concentrations in urine were 30 —
167,973 ng/mL, with mean and median concentrations of 9,119 and 206 ng/mL respectively.
Upon reanalysis ethylone concentrations were in the range 0 — 146,124 ng/mL, with mean and
median concentrations of 4,243 and 12 ng/mlL, respectively. The percent of drug remaining was
investigated as a function of pH and storage time (Figure 22). As with a-PVP, specimen pH rather
than storage time exerted the greatest influence on cathinone stability. Some samples were
confirmed within +20% of the initial drug concentrations following 16 months of storage,
attributable to the acidity of the urine sample (pH 6). Although it was not possible to determine
a correlation as a function of storage time (due to clustering), the influence of specimen pH was
clearly evident. Upon reanalysis, alkaline urine specimens resulted in much lower drug
concentrations, relative to acidic urine samples. In general, as for a-PVP, the lowest % drug

remaining was found in urine samples with urinary pHs of 7.5 and above.

Methylone consisted of a relatively small population of samples (n=10). Specimen pH ranged
from 5 to 9 and storage time ranged from 5 to 55 months. Quantitative reanalysis produced
results between 0% and 81% of the original result (Table 23). Original methylone concentrations
in urine were 32 — 7,316 ng/mL, with mean and median concentrations of 1,361 and 131 ng/mL
respectively. Upon reanalysis methylone concentrations were in the range 2 — 922 ng/mL, with
mean and median concentrations of 149 and 41 ng/mL, respectively. Consistent with other drugs,
guantitative values were well correlated for acidic urine specimens, even after extended periods
of storage (7 months), while drug was undetectable after extended periods of storage at alkaline

pH (9.3) (Figure 23).
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Figure 20. Comparison of initial and final cathinone concentrations following specified periods

of storage.
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Table 21. Concentrations of a-PVP in authentic urine samples following refrigerated storage.

This resource was prepared by the author(s) using Federal funds provided by the U.S.

Unique ID | Initial Concentration Final % Drug pH | Storage Time
(ng/mL) Concentration Remaining (months)
(ng/mL)
RO54 9523 7,189 75% 4.5 14.7
R123 67 70 104% 5.0 14.5
R135 7,465 7,580 102% 5.0 14.3
RO46 11,943 10,826 91% 5.0 17.2
RO63 12,314 10,765 87% 5.0 17.0
RO79 16,316 11,921 73% 5.0 16.8
R121 7,435 446 6% 5.0 14.5
RO65 500 593 119% 5.5 14.5
RO86 1,427 1,671 117% 5.5 14.7
ROO3 729 688 94% 5.5 39.8
T201205765 810 102 13% 5.5 52.2
RO12 1,429 1,301 91% 5.6 12.7
R111 2,887 3,261 113% 6.0 14.6
R55 18,094 19,926 110% 6.0 17.1
2R004 100 110 110% 6.0 7.5
R119 4,328 4,711 109% 6.0 14.5
R0O39 5,480 5,057 92% 6.0 14.8
RO70 5,396 4,838 90% 6.0 14.5
R139 540 72 13% 6.0 14.2
2R021 87 100 115% 6.5 5.4
2R020 101 103 102% 6.5 5.6
RO11 2,114 2,014 95% 6.5 12.7
RO58 7,396 6,239 84% 6.5 14.5
2R015 68 0 0% 6.5 5.2
R147 95 103 108% 7.0 14.0
R137 3,524 3,805 108% 7.0 14.3
RO41 93 99 106% 7.0 14.8
R094 129 135 105% 7.0 14.6
RO31 1,094 1,058 97% 7.0 14.9
RO36 330 318 96% 7.0 14.9
R0O33 270 257 95% 7.0 14.9
R0O52 2,948 2,782 94% 7.0 14.7
RO04 2,347 2,201 94% 7.0 13.9
R113 13,292 10,787 81% 7.0 16.3
R110 7,774 5,473 70% 7.0 14.6
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R029 7,277 4,766 65% 7.0 15.0
R084 2,501 1,562 62% 7.0 14.7
R0O88 14,112 7,644 54% 7.0 16.7
R0O81 11,187 0 0% 7.0 16.8
R093 104,111 0 0% 7.0 17.0
RO14 4,599 2,866 62% 7.5 12.7
R0O69 13,703 2,206 16% 7.5 17.0
R0O32 2,407 145 6% 7.5 14.9
RO59 10,627 450 4% 7.5 17.0
RO17 797 31 4% 7.5 12.7
RO64 7,679 8,221 107% 8.0 14.5
R0O97 324 287 89% 8.0 14.6
R117 7,255 6,368 88% 8.0 14.5
R157 23,792 14,802 62% 8.0 15.5
R115 25 9 35% 8.0 14.6
R151 40 10 26% 8.0 13.8
R146 12,311 755 6% 8.0 15.8
RO53 329 10 3% 8.0 14.7
RO83 375 7 2% 8.0 14.7
R116 11,095 144 1% 8.0 16.3
R150 1,013 5 0% 8.0 13.8
R120 471 2 0% 8.0 14.5
R0O30 147 0 0% 8.0 14.9
RO51 352 0 0% 8.0 14.7
R0O91 26 0 0% 8.0 14.6
R0O62 37 5 13% 8.5 14.5
R0O37 1,105 74 7% 8.5 14.8
RO61 131 6 5% 8.5 14.5
RO38 375 18 5% 8.5 14.8
R0O56 1,770 80 5% 8.5 14.6
R0O68 114 5 4% 8.5 14.5
R0O09 200 7 3% 8.5 12.7
R107 703 22 3% 8.5 14.7
R0O35 36 1 3% 8.5 14.9
R0O49 1,686 45 3% 8.5 14.7
RO50 520 5 1% 8.5 14.7
RO34 77 0 0% 8.5 14.9
R152 26 12 45% 9.0 13.8
R136 392 58 15% 9.0 143
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R159 764 107 14% 9.0 13.6
RO66 1,042 61 6% 9.0 14.5
R109 285 16 6% 9.0 14.6
RO10 31 2 5% 9.0 12.7
R133 6,864 246 4% 9.0 143
R0O96 85 2 3% 9.0 14.6
R129 46 1 2% 9.0 14.3
R102 2,466 49 2% 9.0 14.5
R148 12,333 231 2% 9.0 15.8
RO18 2,126 37 2% 9.0 12.7
R114 1,628 16 1% 9.0 14.6
RO78 4,091 24 1% 9.0 14.7
R099 247 0 0% 9.0 14.5
R101 1,477 0 0% 9.0 14.5
RO16 1,201 45 4% 9.3 12.7
RO15 450 71 16% 9.5 12.7
R124 1,348 65 5% 10.0 14.5
R122 27 1 4% 10.0 14.5
R125 570 5 1% 10.0 14.4
R138 392 3 1% 10.0 14.3

Table 22. Concentrations of ethylone in authentic urine samples following refrigerated storage.
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Unique ID | Initial Concentration Final % Drug pH | Storage Time
(ng/mL) Concentration Remaining (months)
(ng/mL)
2R001 379 255 67% 4.5 7
2R006 36 22 61% 4.5 6
R0O27 127 69 55% 5.0 14
R104 74,050 56,418 76% 5.0 16
R156 252 171 68% 5.0 13
2R011 1,542 1,162 75% 5.0 6
R0O45 1,312 23 2% 5.5 14
RO80 97 88 91% 5.5 14
RO85 1,059 1,037 98% 5.5 14
R106 308 273 89% 5.5 14
2R002 98 66 67% 5.5 7
2R018 189 150 79% 5.5 5
RO23 206 144 70% 6.0 14
79




R0O25 110 68 61% 6.0 14
R0O26 75 22 30% 6.0 14
R0O40 131 132 101% 6.0 14
RO77 38 21 56% 6.0 14
R0O89 32,661 12,284 38% 6.0 16
R0O90 195 198 102% 6.0 14
R103 167,973 14,6124 87% 6.0 16
R105 9,584 9,368 98% 6.0 16
R0O08 275 240 87% 6.5 12
R0O22 2,257 493 22% 7.0 14
RO71 433 3 1% 7.0 14
R092 195 94 48% 7.0 14
R0O95 42 31 74% 7.0 14
R118 2,788 153 6% 7.0 14
R131 59 5 9% 7.0 14
R140 312 7 2% 7.0 14
2R005 91 0 0% 7.0 14
R0O43 272 0 0% 7.0 5.2
R0O28 6,416 0 0% 7.5 14
R73 119,535 0 0% 7.5 16
R87 22,512 0 0% 7.5 16
R024 62 0 0% 8.0 14
R0O47 1,144 0 0% 8.0 14
R0O72 237 0 0% 8.0 14
R112 110 6 6% 8.0 14
R126 39 0 0% 8.0 14
R145 105 1 1% 8.0 13
R149 30 0 0% 8.0 13
R154 41 0 0% 8.0 13
R155 35 0 0% 8.0 13
ROO5 487 0 0% 8.5 12
R0O06 121 0 0% 8.5 12
RO13 642 0 0% 8.5 12
RO75 37,080 0 0% 8.5 16
RO76 8,423 17 0% 9.0 14
R0O98 695 0 0% 9.0 14
R100 69 0 0% 9.0 14
R141 123 1 1% 9.0 13
R144 33 0 0% 9.0 13
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R108 6,311 0 0% 9.5 14
R130 102 0 0% 9.5 14
R153 61 0 0% 10.0 13

Table 23. Concentrations of methylone in authentic urine samples following refrigerated

storage.
Unique ID | Initial Concentration Final % Drug pH | Storage Time
(ng/mL) Concentration Remaining (months)
(ng/mL)
2R001 87 56 64% 4.5 7
2R011 175 110 63% 5.0 6
2R016 1,535 922 60% 5.0 5
2R002 32 26 81% 5.5 7
2R018 246 191 78% 5.5 5
2R004 75 9 12% 6.0 7
2R020 84 15 18% 6.5 5
2R021 56 12 21% 6.5 5
7201209784 4,000 149 4% 7.0 47
R0O02 7,316 2 0% 9.3 55

Table 24. Concentrations of cathinones in authentic urine samples following refrigerated

storage.
Unique Cathinone Initial Final % Drug | pH Storage
ID Concentration | Concentration | Remaining Time
(ng/mL) (ng/mL) (months)
ROO1 Butylone 385 50 13% 6.5 57
RO10 Pentylone 585 434 74% 6.5 6
R0O49 MDPV 6,626 479 7% 8.5 14

Table 25. Qualitative findings in authentic urine samples following refrigerated storage.

Unique Cathinone Initial Result Final Result pH Storage
ID Time

(months)
2R008 4-FMC Positive ND 4.5 6.8
2R007 4-FMC Positive <L0Q 7 6.8
2R003 4-MEC Positive <L0Q 6 7.5
2R019 4-MEC Positive ND 7 5.6
2R002 Pentedrone Positive <LOQ 5.5 7.8
2R001 Pentedrone Positive ND 4.5 6.8
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RO0O3 Pentedrone Positive

<LOQ

5.5 39.8

2R016 Pentedrone Positive

176 ng/mL

Figure 21. Influence of pH and storage time on a-PVP concentrations in cathinone users

(n=114).
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Figure 23. Influence of pH and storage time on methylone concentrations in cathinone users
(n=10).
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Quantitative comparisons using authentic urine samples from cathinone users were in good
agreement with experimentally determined stability data using fortified matrix. These results
also reinforced the importance of specimen pH on overall drug stability. The limited degradation
of some drugs following extended periods of storage suggest that pH dependent variables were

equally as important as conventional time dependent interpretation.

83

This resource was prepared by the author(s) using Federal funds provided by the U.S.
Department of Justice. Opinions or points of view expressed are those of the author(s) and do not
necessarily reflect the official position or policies of the U.S. Department of Justice



V. Conclusions

Discussion of Findings

Cathinone stability was systematically evaluated to determine temperature, pH, matrix,
concentration, and analyte dependence. Although no concentration dependence was observed,
cathinone stability was greatly influenced by pH, temperature, and cathinone structure. Matrix
dependent differences between blood (pH 7) and urine (pH 8) were largely attributed to

differences in specimen pH.

Pyrrolidine-type cathinones (tertiary amines) were significantly more stable than their secondary
amine counterparts under all conditions tested. Among the secondary amines, no significant
differences were observed between unsubstituted and ring substituted cathinones. However,
addition of the methylenedioxy group had a significant stabilizing effect on both secondary and
tertiary analogs. As a result, cathinones containing both a pyrrolidine and a methylenedioxy

group exhibited the greatest stability.

Stability was highly pH dependent for all of the cathinones, including the most stable pyrrolidines.
Cathinone stability increased with decreasing pH. Half-lives decreased significantly in alkaline
biological samples (pH 8 urine). In contrast, under acidic conditions (pH 4 urine), significant

improvements in stability were observed.

Temperature dependent stability was observed for all cathinones in blood and urine. Significant
degradation was observed for all drugs (except methylenedioxy substituted pyrrolidines) within
hours following exposure to elevated temperatures (32°C). Cathinones were most stable in blood
when stored at frozen temperature (-20°C), and in acidic urine (pH 4), cathinones were equally

stable at both refrigerated and frozen temperatures.

With the exception of the fluorinated cathinones (3-FMC and 4-FMC), cathinones were detected
in blood and urine following several months of storage when refrigerated or frozen. Drug

instability and the magnitude of the loss was heavily influenced by temperature, pH, and
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structural characteristics. Increased temperatures and pHs were highly unfavorable and
produced significant changes in concentration over time. As a result, concentrations at the time
of testing may not always reflect those at the time of interest, for example the time of death or
time of driving. Although drugs may still be detectable, significant losses are possible. Results
using fortified biological matrix were compared with authentic urine samples from actual
cathinone users. Results were in good agreement and particularly reinforced the pH and analyte

dependent nature of stability.

Given that biological evidence is sometimes exposed to unfavorable conditions in both
postmortem and antemortem toxicology investigations, toxicological findings related to
synthetic cathinones should be interpreted cautiously and within the full context of evidence
disposition. Finally, a greater understanding of analyte dependent variables (specifically
functional groups that have stabilizing effects) will help predict the stability of future synthetic

cathinones, as these designer drugs continue to evolve.

Implications for Policy and Practice

Cathinones are an important class of designer drug and their use has increased in the United
States since the mid 2000s. Numerous cathinones have been reported in death and criminal
investigations and forensic toxicology laboratories are often required to determine their
presence in biological evidence. Conditions under which these drugs are unstable will improve
the reliability of interpretive toxicology findings in criminal and death investigation casework.
Moreover, greater understanding regarding structural influences will provide valuable insight

concerning the stability of future analogs, yet to be developed.

Implications for Further Research

Synthetic cathinones are powerful psychostimulants that produce sought-after effects in
recreational drug users. In 2011, the National Drug Intelligence Center of the U.S. Department of

Justice described synthetic cathinones (“bath salts”) as an emerging domestic threat (NDIC,
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2011). Although twenty-two cathinones were evaluated at the time of this study, the European
Monitoring Centre for Drugs and Drug Addiction (EMCDDA) now reports as many as eighty
synthetic cathinone derivatives via the EU Early Warning System (EMCDDA, 2015). The
proliferation of novel psychoactive substances is expected to continue for cathinones and the
many other classes of designer drugs that have emerged during the past two decades. As this
trend continues, the properties, characteristics, and toxicological impact of these drugs will

require ongoing study.
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