The Challenges of Analytical Method
Validation for Hallucinogens and
Designer Stimulants in Biological

Samples Using LC-TOF

& NMS

ErE <.>~ Agilent Technologies
CERIME R R 3 ‘ "
imoovATION

WHEN YOU NEED TO KNOW

Barry K Logan, Ph.D.,
NMS Labs National Director, Forensic Services

For Forensic Use.



Goals & NMS
*The Need:

sAccurate, sensitive, versatile tools.

*|dentification ‘ N MS

LABS |

-Detection mNOVATION

*Routine analysis

*Novel, complex, esoteric and designer drugs and other
analytes in a variety of matrices and sample types.

*The solution:
L CMS/MS

-LCTOF, LCQTOF -1 Agilent Technologies

WHEN YOU NEED TO KNOW




NMS Labs Center for Innovation

h

Time

Professional activities Crim.
Client Enquiries

JWH-018
Crim. Casework JWH-073
Internet purchases
Web Intelligence
DEA scheduling
Customer Feedback ~17 Cpds.

Academic collaboration

International contacts

Vendor activity

~35 Cpds.

~42 Cpds.

Blood

JWH-018
JWH-073
JWH-019
JWH-250

CP47,497
HU210

JWH-081
JWH-122
JWH-200
JWH-210
AM-2201
AM-694
RCS-4
RCS-8

JWH-203
JWH-022
AM-2233
AM-1248
XLR-11
UR-144
AKB-48
A720,296

Urine

JWH-018 mets
JWH-073 mets

CP47,497 (C8)

CP47,497 (C7)
HU-210

JWH-019 met
JWH-250 met
AM-2201 met
JWH-018 mets
JWH-073 mets

RCS-4 met

JWH-122 met
JWH-210 met
JWH-081 met
JWH-200 met
JWH-250 met
JWH-210 met
JWH-081 met
JWH-122 met
JWH-398 met
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NMS Labs Center for Innovation

Time

Professional activities

Client Enquiries

Crim. Casework
Internet purchases

Web Intelligence

DEA scheduling

Customer Feedback ~10 Cpds.

Crim.

MDMA
MDA
MDEA

TFMPP
BZP
DBZP

5-MeO-DIPT...

Academic collaboration

International contacts

Vendor activity

~30 Cpds.

~70 Cpds.

Blood/urine

atropine

benzylpiperazine
dextromethorphan
dimethyltryptamine

ketamine
MDA

MDMA
mescaline
phencyclidine
scopolamine
2C-B
2C-B-FLY
2C-T-7
5-MeO-DIPT
AMT

BDB

MBDB
Mephedrone
LSD
bufotenin
psilocin
salvinorin A
salvinorin B
TFMPP

Blood/urine
Expanded

MDPV

Methylone
Amphetamine
m-CPP
O-desmethyltramadol
DMAA

3,4-DMMC
4-MEC

Pentylone

2C-C

2C-E

2C-1

2C-P

2C-T-2
Bromo-Dragon Fly
5-MeO-DALT
Buphedrone
Ethylone
Petedrone
Phenazepam
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The Scope

Bath Salts and Stimulant Designer Drugs — Expanded
43 Compounds

* Classical Stimulants
Amphetamine, Methamphetamine, MDMA, MDEA, DOM,
DOB, PMA, Cocaine, Benzoylecgonine

« Cathinones

Cathinone, Mephedrone, Buphedrone, Methylone, Ethylone,
Butylone, Pentylone, Mmethcathinone, Methedrone,
Naphyrone, 3-FMC, 4-FMC, 4-MEC, 3,4-DMMC,

WHEN YOU NEED TO KNOW




The Scope & NMS

Bath Salts and Stimulant Designer Drugs — Expanded
43 Compounds (Continued)

« 2C Series — Stimulants with Hallucinogenic Properties
2C-B, 2C-C, 2C-E, 2C-H, 2C-l, 2C-N, 2C-P, 2C-T-2, 2C-T-7

 Benzylpiperazines
BZP, TFMPP, DBZP, MBZP, m-CPP

* Others
Phenazepam, Mitragynine, 7-OH Mitragynine,
O-desmethyltramadol, DMAA

WHEN YOU NEED TO KNOW



The Technology & NMS

Performance Checklist:

v’ High Sensitivity
High Performance
4 High Resolution Mass Accuracy (>5ppm)
v’ User Friendly and Adaptable Data Reduction Tools

4 Versatility
Stable Performance B

v’ Robust Design |

v' Technical Support

v’ Value/ROI i

et WHEN YOU NEED TO KNOW
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The Technology 7'\

Liquid Chromatography-Time of Flight Mass
Spectrometry (LCTOF/LCQTOF)

* Agilent 1290 HPLC system
« Agilent 6230 with Jet Stream Technology

« Mass Hunter Software

et WHEN YOU NEED TO KNOW



The Technology & NMS

Liquid Chromatography-Time of Flight Mass
Spectrometry (LCTOF/LCQTOF)

* Agilent 1290 HPLC system

« Agilent 6230 with Jet Stream Technology
« Agilent 6530 QTOF

« Mass Hunter Software

For Forensic Use. WHEN YOU NEED TO KNOW



|

._-nullllllllllI|IIII|III'III||||

For Forensic Use. WHEN YOU NEED TO KNOW



Time of Flight (TOF)

6200/6500 Series Time of Flight Mass Spectrometry
(LCTOF/LCQTOF)

lonization Optics (QTOF)

Fine Skimmer Hyperbolic

droplets Octopole Quadrupole Pulser

Reference ion guide Mass Filter Detector

nebulizer . :
: Optimized Flight

Mass e
eometr
Accuracy g y Collision

Correction Cell

e Eoranaie | jan WHEN YOU NEED TO KNOW



Analysis

Liquid Chromatography-Time of Flight Mass
Spectrometry (LCTOF/LCQTOF) - Control

Sample Chromatogram
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Establishing Acceptance Criteria

* A sample is considered positive if the following
are true:

» The area is greater than or equal to 25% of the
average area of the responses for the two decision
point cut off calibrators (10ng/mL).

» The retention times are within +/- 0.02 min of the
average retention time of the decision point cut off
calibrators.

» The Mass Accuracy is within +/- 30ppm

For Forensic Use. WHEN YOU NEED TO KNOW



Analysis

Liquid Chromatography-Time of Flight Mass
Spectrometry (LCTOF/LCQTOF) - Control

Quantitative Analysis Sample Report

Compound RT RT Diff.] Response | Conc. (%) Mass Acc. (ppm)
PMA 3,208 0.00% 452659 99.9 -5.16
2C-N 3.225| 0.001 185735 99.6 -7.55
AMT 3.249] 0.001 411711 101.3 -13.03
Butylone 3.301f 0.001 1521474 100.0 -14,58
2C-H 3.331}  0.001 843056 100.0 -19.41
MDEA 3.336] 0.001 1515032 100.0 -16.40
ISTD: D3-Atropine 3.344| 0.001 107620 101.1 -13.16
Akropine ' 3.347] 0.001 1113319 100.3 -11.48
DET 3.374f 0.001 1582414 100.4 -14.83
Mephedrone ' 3.436 0.001 1402744 q97.7 -14.49
MBZP : 3.455] 0.001 743235 104.9 -14.23
DMAA ' 3.581] 0.080] 1679767 94,7 -23.41
MBDB 3.608| 0.001 1536053 98.0 -14.97
BDB . 3.613] 0.002 590746 98.3 -15.73
ISTD: D4-Ketamine 3.664] 0.001 1111032 99.2 -11.15
Ketamine 3.679) 0.002 993068 97.5 -10,94
ISTD: D4-Norketamine 3.680] 0.001] 594512 98.9 -12.51
4-MEC 3.688] 0.002 1429102 96.3 -14.08

WHEN YOU NEED TO KNOW

For Forensic Use.



Analysis

NMS

_—L ABS

Liquid Chromatography-Time of Flight Mass
Spectrometry (LCTOF/LCQTOF)

Quantitative Analysis Sample Report

Compound Graphics
Bufotenine Psilocin Cathinone BZpP
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For Forensic Use.
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Analysis

Liquid Chromatography-Time of Flight Mass
Spectrometry (LCTOF/LCQTOF) - Control

Mephedrone MBZP DMAA MBDB -
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Analysis

Liquid Chromatography-Time of Flight Mass
Spectrometry (LCTOF/LCQTOF) — Case 1

Sample Chromatogram

+ TIC Scan 082012-017.d
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Ly & \MS

Liquid Chromatography-Time of Flight Mass
Spectrometry (LCTOF/LCQTOF) —Case 1

Quantitation Results

Compound RT |RT Diff.| Response | Conc. (%) Mass Acc. (ppm)
ISTD: D5-MDPA 2.973 0.002 1473851 /1.7 -8.70
ISTD: D5-MDMA 3.017 0,601 4297762 68.2 -7.93
O-Desmethyltramadol 3.041 0.002 60706092 812.0 -1.30
Butylane 3208] 0016] 2850715 1614k
Atropine 3.254f .. 0.021 587567} -0,92
ISTD: D3-Atropine 3.275 0.005 5344126 -0.25
ISTD: Dd-Ketamine 3,593 0.002 3004223 -0.30
ISTD: D4-Norketamine 3.608 0.002 2194775 2.68
m-CPP 3.780 0.003 4640588 g.17
Tramadol 3.856 0.002 81750798 3.66
Trazodone 4611 0.001 5973013| 0.30
ISTD: D5-PCP 4 667 0.003 3267090 -1,86

For Forensic Use. WHEN YOU NEED TO KNOW



Analysis & NMS

Liquid Chromatography-Time of Flight Mass
Spectrometry (LCTOF/LCQTOF) —Case 1

ESTD: D5-MDMA Met  MDMA C
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For Forensic Use. WHEN YOU NEED TO KNOW



Ly & \MS

Liquid Chromatography-Time of Flight Mass
Spectrometry (LCTOF/LCQTOF) —Case 1

Quantitation Results

Compound RT |RT Diff.| Response | Conc. (%) Mass Acc. (ppm)

ISTD: D5-MDPA 2.973 0.002 1473851 /1.7 -8.70
ISTD: D5-MDMA 3.017 0,601 4297762 68.2 -7.93
O-Desmethyltramadol 3.041 0.002 60706092 812.0 -1.30
Butylane 3208] 0016] 2850715 1614k
Atropine 3.254f .. 0.021 587567} -0,92
ISTD: D3-Atropine 3.275 0.005 5344126 -0.25
ISTD: Dd-Ketamine 3,593 0.002 3004223 -0.30
ISTD: D4-Norketamine 3.608 0.002 2194775 2.68

-CPP 3.780 0.003 4640588 g.17

ramadol 3.856 0.002 81750798 3.66
Trazodone 4611 0.001 5973013| 0.30
ISTDOTD5-FPCP 4 667 0.003 3267090 -1,86

For Forensic Use. WHEN YOU NEED TO KNOW



Analysis

:n-:‘LEIIh'r
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Liquid Chromatography-Time of Flight Mass
Spectrometry (LCTOF/LCQTOF) — Case 1
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For Forensic Use. WHEN YOU NEED TO KNOW



Analysis & NMS

Liquid Chromatography-Time of Flight Mass
Spectrometry (LCTOF/LCQTOF) — Case 1

m-CPP 5 Trazedane
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For Forensic Use. WHEN YOU NEED TO KNOW
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Ly & \MS

Liquid Chromatography-Time of Flight Mass
Spectrometry (LCTOF/LCQTOF) —Case 1

Quantitation Results

Compound RT |RT Diff.| Response | Conc. (%) Mass Acc. (ppm)
ISTD: D5-MDPA 2.9731  0.002 1473851 71.7 -8.70
ISTD: D5-MDMA 3.017{ 0.001 4297762 638.2 -7.93
. ethvltramadol 3.041 0.00z 60706092 812.0 -1.30
IBuzlnne 3.208] 0.016 2850715 161
Atropine 3254} 0.021 587567):
ISTD: D3-Atropine 3.275] 0.005 5344126
ISTD: Dd-Ketamine 3,593 0.002 3004223
I&§TD: D4-Norketamine 3.608 0.002 2194775
m-CPP 3.780| 0.003 4640588
Tramadol 3.856 0.002 81750798
Trazodone 4611 0.001 5973013]
ISTD: D5-PCP 4,667 0.003 3267090

For Forensic Use. WHEN YOU NEED TO KNOW




Analysis MOQIE

Liquid Chromatography-Time of Flight Mass
Spectrometry (LCTOF/LCQTOF) —Case 1

Butylone 2C-H

+EIC(222.1125) Scan 082012-017d
BT 1A B T A e Criterion Value
1i8 | 36.0208 ng/mil :
TS B ? .| Mass Defect 161.46ppm
16 RT Diff 0.016min
044 Apparent 36ng/mL
Conc.
0.2+
= ulrl-ml" : !
3 34 08 Not Confirmed X
V] L e Y EGMISHIGN Time (i)

For Forensic Use. WHEN YOU NEED TO KNOW



Liquid Chromatography-Time of Flight Mass
Spectrometry (LCTOF/LCQTOF) — Case 2

Quantitation Resuits

Compound RT |RYDiff.{ Response | Conc. (%) Mass Acc. {ppm)
Methylane 2.634 0.001 6658897 555.8 -2.50
ISTD: D5-MDA 3.056] 0.002 484166 107.5 0.51
ISTD: D5-MDMA 3,100 0.001 1378904 99.6 2.35
Methedrone 3.106{ 0.002 7572913 5718 0.28
MI>MA 3.106| 0.002 7572913 571.8 0.28
Butylone 3.309|] 0.002 7612872 526.6 -2.65
ISTD: D3-Atropine 3.351] 0.002 92844 93.2 -1.48
Mephedrone 3.445)  0.002 6712093 503.4 -6.75
ISTD: D4d-Ketamine 3.672 0.002 1024182 100.4 1.89
ISTD: D4-Norketamine 3.685{ 0.001 043740 169.0 -1.05
4-MEC 3.697| 0.002 7686210 538.5 -2.68
MDPV 4.167] 0.000 8914268 576.5 -0.26
ISTD: D5-PCP 4.748 0.001 1400009 104.0 2.51

For Forensic Use. WHEN YOU NEED TO KNOW




Ly & \MS

Liquid Chromatography-Time of Flight Mass
Spectrometry (LCTOF/LCQTOF) — Case 2

Quantitation Resuits

Compound RT | RT Diff.| Response | Conc. (%) Mass Acc.

Methylane 2.634 0.001 6658857 555.8 2,
ISTD: D5-MDA 3.056| 0.002 484166 107.5 0.51
ISTD: D5-MDMA 3,1000 __ 0.001 1378904 99.6 2.35
Methedrone 3.106| 0.002 7572913 5718 0.28
3.106] __0.002 7572913 571.8 0.28
Butylone 3.309] 0.002 7612872 526.6 -2.65
- 7 3.351]  0.002 92844 93.2 -1.48
Mephedrone 3.445F  0.002 6712093 503.4 -6.75
ISTD: D4d-Ketamine 3.672 0.002 1024182 100.4 1.89
ISTD: D4-Norketamine 043740 169.0 -1.09
4-MEC | 7686210 538.5 -2.68
' MDPV 8914268 576.5 -0.26

(ISTD: D5-PCP 1400009 104.0

For Forensic Use. WHEN YOU NEED TO KNOW



Analysis AENUE

Liquid Chromatography-Time of Flight Mass
Spectrometry (LCTOF/LCQTOF) — Case 2

MDPV

:  Methylone
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Liqguid Chromatography-TOF

Butylone Butylone
+ E|C(222.1125) Scon 0B2012-017.d \ + EIG{222,1125) Scan 081812-025.4
Ex16°; ! 3.o08min | g xm® 3.309 min. 5
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Case 1 * acmionTmem | 000 2 acausuin ine (i
Mass Defect 161.46ppm -2.6ppm
RT Diff 0.016min 0.002min
Apparent Conc. 3.6ng/mL 52.6ng/mL

—— Result Not Confirmed Confirmed
For Forensic Use. WHEN YOU NEED TO KNOW



Analysis

Liquid Chromatography-Time of Flight Mass
Spectrometry (LCTOF/LCQTOF) — Case 2

Methedrone 3.106]  0.002 7572913 571.8 0.28
MDMA 3.106| 0.002 7572913 571.8 0.28
O H + EIC(194,1176) Sean 091812-025.d H
N 2 w087 | 3106min. N
© S ©
Methedrone LI E::’\ | MDMA
C14H1sNO, LU | CyHNO,
193.2423 LN b 193.2423
T TS T
Acquisition Time {min)

For Forensic Use. WHEN YOU NEED TO KNOW



Analysis MOWE

Liquid Chromatography-Time of Flight Mass
Spectrometry (LCTOF/LCQTOF) — Case 2

Methedrone 3.106] 0002 7572913 571.8 0.28
MDMA 3.106| 0.002 7572913 571.8 0.28
O H + EIC(194.1176) Scan 091812-025.d
N 2 x087 3106 min, H
2 .
0 S 0
Methedrone 1 r!f;:\ | MDMA
C11H15NO; sl 1L | CyHNO,
193.2423 oA 1 193.2423
Confirmed :li 3T1 32 33
by L CMSMS ,\/ Acquisition Time {min)

For Forensic Use. WHEN YOU NEED TO KNOW



Quialitative Validation & NMS

» Assay Validation
» Cut-off Verification
» Sensitivity and Specificity
» Interfering Substances
» Carryover
» Matrix Matching
» Stability

For Forensic Use. WHEN YOU NEED TO KNOW



Time of Flight & NMS

8756B/U Bath Salts and Stimulants

Designer Drugs — Expanded ‘ N MS

LABS |

CERPTER FOR

8085B/U Drug Impaired Driving/DRE MAOVATION
Forensic Toxicology Bath Salts Add-On

« Test design based on:

43 compounds

* Regular updates based on trends

 Compounds found in “bath salts” casework

* Federally Scheduled Drugs

« Covers additional drugs scheduled in many
states

* Drugs emerging in Europe

For Forensic Use. WHEN YOU NEED TO KNOW




Designer Drugs Trends

& NM5
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Compare and Contrast & NMS

LCMSMS LCTOF LCQTOF

Target Compound Comprehensive Target Compound

Analysis Screening analysis (Range)

Must set up scanning Acquire all data and Acquires more limited

groups query database later data in QTOF mode

WYSIWYG Post hoc identification Post hoc identification

Compound specific Molecular formula Molecular formula

transitions information information for
fragments

Limited structural No structural Limited Structural

confirmation information information

May differentiate TOF does not May differentiate

isobars differentiate isobars isobars

Lower Cost Higher cost Even higher cost
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