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Global Drug Numbers X$/ DRUG.

- Global trends in the estimated prevalence of drug . Global trends in the estimated number of people
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Prevalence of people who use drugs (percentage) Number of people who use drugs
B Prevalence of people with drug use problems (percentage) ¥ Number of people with drug use problems
Source: Responses to the annual report questionnaire. Source: Responses to the annual report questionnaire.
Note: Estimated percentage of adults (ages 15-64) who used drugs in the  Note: Estimates are for adults (ages 15-64), based on past-year use.

past year.

Source: United Nations Office on Drugs and Crime 2016 Report



FIG. 18 | Drug-related mortality rate and number
- of drug-related deaths, by region, 2014

Drﬁ;—felaﬁﬂ 1 .
. ' Estimated number T, 3
Global mortality rate per | Sdriig related otal:

S S 435 M weatsoa | deths 207,400 g

Afrias O 61.9 | O 39,200
North
America 0154.5 O 52,500

Latin America

and the Caribbean ¢' 156 | @ 5,200
Ak ® 206 ! Qas,suu
Western and . '- R
Central Europe O 289 @ 9,200
Eastern and South- O O 29 760
Eastern Europe 55.9 :

e e e e R e R T e

Oceania O 101.5 @ 2,500

Sources: responses to the annual report questionnaire; Inter-Amer-

ican Drug Abuse Control Commission; and Louisa Degenhardt . .\

and others, “lllicit drug use”, in Comparative Quantification of : ST

Health Risks: Global and Regional Burdan of Disease Attributable Z & D R U G

fo Sefected Major Risk Factors, vol. 1, Majid Ezzati and others, eds. Le fos i
(Geneva, World Health Organization (WHO), 2004), p. 1,109, A\ 7 e e

http:/ /www.unodc.org/doc/wdr2016 /WORLD_DRUG_REPORT_2016_web.pdf



NPS Worldwide

FIG. 75. Number of new psychoactive

substances reported, 2009-2014 FIG. 76. Number of new psychoactive
substances reported, by substance
430 450 group, 2014
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g PE RN [ MATIONAL AND REGIONAL ESTIMATES FOR THE 25 MOST FREQUENTLY IDENTIFIED DRrUGS'
Estimated mumber and percentage of total drug reports submitted to faboratories from January 1, 2014, hroagh Decemiber 31,
2014, aud analyzed by March 31, 2015

Drug
B I -

USA Numbers

Mational West Midwest Muortheast South
Number Percent Number Percent Number Percemt Number Percent Number Percemt
437117 B.92% 50803  1961% 144593 3EAI% 75,154 3036% 166,168 26,490
Methamphetaming 236175 1563% WM 4M 0 4031% 3B 3w 3221 1.30% 54T MIT%
(ocaine 23,167 14.10% 18,671 T21% 251 11.28% 48854 1975% 103041 1643
Heroin 163,600  T0E3% 7418 105%% 48950 1297% 51924  H98% 35,308 5.63%
(ycodane 43,000 285% 4.28% 1.66% 1913 2.10%% 9414 3.60%: 21,385 341%
Alprazolam 40,747 2705 3310 1.26% 7,780 2.06% 5,820 1.36% 13828 3.80%
Hydrocodone 33,132 21%%: 4418 1.71% 7,596 201% 1,634 0.66% 19454 3 1%
Buprenarphine 15,209 1.01% 1,251 0.43% 104 0.50% 4539 1.E3% 6,405 1.02%
(lonazepam 1,797 0.78% 1,103 . 43% 2477 0.66% 2376 0.96% 5841 0.93%
Amphetamine 11,531 0.76%: 1,149 0.44% 3070 0.E1% 1517 061% 5,804 0.93%
¥LEM 11,001 0.73% 1,244 0.43% 1,920 D.51% 2935 1.19% 4503 0.78%
Morphine 7620 0.50% 1,191 46% 1./47 D45% 615 125% 4018 0.64%
AB-FUBINACA 6,293 0.42% 249 0. 10% 1,647 0.44% 455 0.18% 3942 0.63%
Moncontrolled, non-narcatict 5724 0.38% 2149 0.83% 50 0.01% 580 0.23% 1946 0.47%
Methadone 5559 1.37% 837 0.32% 1,077 0.29%: 1,237 0.50%, 2407 1.38%
Diazepam 5446 0.36% Tdb 0.29% 1322 035%: 508 0.21% 2870 0.46%
Ethylone 5425 0.36% 310 0. 12% 435 DAr% 870 0.36% 3801 0.61%
Phencyclidine (PCP) 5,004 0.33% 401 0.15% o9 0.265% 1,713 0.72% 1,840 029%
AB-PINACA 4954 0.33% 57 0.14% 1,738 0465 436 0.20% 2363 0.38%
MDMA 4502 0.32% 1915 0.74% 1492 0,405 41 0.17% 1,074 0.17%
Methylone 4 763 0.32% 679 0.26% 403 0.171% 97 0.32% 2890 0.46%
Fentanyl 4642 0.31% 19 0.05% 1,683 0.45% 1,545 0.62% 1,295 021%
Hydromaorphone 4529 0.31% 3G 0.12% 512 0.15% 155 0.06% 3597 0.57%
Psilogin/psilocibin 3,965 0.26% 1319 051% 1,223 0.32% 368 .15% 1,054 0.17%
alpha-PyP 1905 026E 147 05 7 0% 671 | 077% 2781 036 ]
Top 25 Toral 1269316  B531% 225790 | B833% 3M500 B50E% X792 EAAOS% 518096 Bi1SE%
Al Oeber Dirug Repares 121997 14.6%% 30,231 1.67% 52625 1403% 19576 11595% 19264  1742%
Total Drug Repores? 1511313 100.00% 259021 | 10000% 377426 100008 M7505 1000009 627360  TO0000%
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New Psychoactive Substances (NPS)
S

0 Synthetic alternatives to traditional illegal drugs
of abuse.

O Stimulant-like NPS: (e.g. “Bath salts”).

O Marijuana-like NPS: e.g. “spice”.
O LSD-like NPS: e.g. “N-bombs”.




Designer Drugs

NH,

Phenethylamines \

Tryptamines

“Analogs or derivatives of _N
illicit drugs with modified

. structure”
0 Cathinones

Cannabinoids

http://www.nj.gov/oag/newsreleases11/pr20110817a.html




Synthetic Cathinones
1

01 Structurally and
pharmacologically related

to amphetamine, ecstasy
(MDMA), cathinone.

1 CNS stimulants.

0 Sold in retail stores,

internet, “head shops” as
batch salts, plant food.
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AAPCC: 10,403 human exposures to synthetic cathinones
(from Jan 2011 and Dec 31,2014)



MS-Based Screening of Designer Drugs:

Previous Work
I

mi Peters, F.T., et al. (2003). J.Mass Spectrom. 38, 659-676. (18 amphetamines and piperazines)

O Kalliker, S., and Oehme, M. (2004). Anal.Bioanal.Chem. 378, 1294-1304. (55 phenethylamines)

o Takahashi, M., et al. (2009). Talanta 77, 1245-1272. (104 analytes)

o Wohlfarth, A, et al. (2010). Anal.Bioanal.Chem. 396, 2403-2414. (35 analytes)

o Shanks, K.G., et al. (2012). J.Anal.Toxicol. 36, 360-371. (33 cannabinoids; 26 cathinones/phenethylamines)
0 Ammann, J., et al. (2012). J.Anal.Toxicol. 36, 372-380. (23 cannabinoids)

0 Ammann, D., et al. (2012). J.Anal.Toxicol. 36, 381-389. (25 cathinones and phenethylamines)

o Guale, F, et al. (2013). J.Anal.Toxicol. 37, 17-24. (32 cannabinoids/cathinones)

o Scheidweiler KB, Jarvis MJ, Huestis, MA (2015). Anal. Bioanal. Chem. 407, 883-897 (47 synthetic cannabinoids metabolites in
urine)

Problem statement:
There is a need for comprehensive methods capable of screening the larger universe
of these drugs in clinical and forensic toxicological settings

Research Objective:
To develop a robust, rapid and comprehensive MS-based screening methods for
designer drugs and to provide a novel and ample MS spectral database and library.



Evolution of Method Development and
Overarching Goal

Screening Analytical Methods

Mass Spectral Database (MS/MS

‘ LC-QTOF- and MRM) Libraries
MS/MS

O GC-QQQ-MS

El, Cl Total of 275 Designer
Drugs

.LC'QQQ'MS Designer Drug Amount in
Class Library
Synthetic

Cannabinoids 153
Cathinone >8
TORIGINAL PAPER Phenethylamine 23
Determination of 32 cathinone derivatives and other designer Other 1
drugs in serum by comprehensive LC-QQQ-MS/MS analysis Piperazine 8
Madeleine J. Swortwood » Diane M. Boland - Try pto mine 7
it Indanes 3




Designer Drug “Master List”
-9

0 Master List of current or potential 0 Information collected:

designer drugs/metabolites, identified
from: " Structure.

) ) ®  Molecular formula.
B Published literature.

. ®  Accurate mass.
B Government documentation.

" Commercial standard supplier listings. " IUPAC name.
" “PiHKAL” and “TiHKAL” by Alexander ® Common name or abbreviation.
& Ann Shulgin. " CAS and Chemspider number (if
®  Online drug forums: available).
® http://www.bluelight.ru/vb / " Literature citations.

m http://www.drugs-

0 Unique ID assigned and data compiled
into a Personal Compound Database
0 Currently at 857 unique entries. Library (PCDL; Agilent Technologies).

forum.com/index.php

0 Standards available for 275 compounds
(Initial Batch of DD).


http://www.drugs-forum.com/index.php

——
@ MassHunter PCDL Manager - CADATA\PCDINVFIU Designer Drugs Library.cdb

i File Edit View PCDL Links Help
i P Find Compounds & [ |0 F | @

SngleSearch | BaichSearch |  BaichSummay | EdtCompounds | Spectl Search FrowseiSpocin Edit Spectra

Mass
© MsHl @ Newral © MHE F Molecule: | Structure | MOL Tesd
Masstolerance: 10 @ ppm © mDa
Retertion time HIC
_D Require " er—THI
RTtolerance: 0.1 min ;‘, cH3 /(
Single Search Results: 615 hits
Compound Name Formula Mass Anion Cation H.T CAS ChemSpider [UPAC Name 250
{min}) Spectra
b e e C10H14C... | 21507131 [l [l 28441-14-5 [ 21106221 4-chloro-2 5-dimethog-Benzenesthanamine 3
Fencamfamine C15H21N 21516740 | 2240144 [ 13522 M-eth-3pheryd-narboman-2-amine 0
DET C14H20NZ | 216.16265 | | 61518 5865 N, M-Diettnd-241H-indol-34jethanamine 0
MIPT C14H20MZ | 216.16265 | 9609%6-525 | 21106383 | M-methyl-M-+{1-methdetiyd}-1H-Indole-3-=thanamine |0
4-MePPP C14H15NO | 21714666 [ | 28117-80-8 | 4536084 1-{d-methyipheryl}-2-{1-pymoliding}-1-Propanone 0
a-Pymolidinobutiophenane CT4H1SNO | 21714666 | 12415-82-2 T-phemd-241gymolidingd}-1-butanone 3
PCPr C15HZ3N 217.18305 [ [l B21518 MN-{1phemicyclohex)propanaminee 0
5-MeO0-DMT C13H18N... | 218.141%1 ]| 1019450 [ 1766 2-(B-methowgy-1H-indol-344-N, N-dimethylethanamine |3
E 4-Me0-DMT C13H18N .. | 21814191 [ | A565-57-7 [ 23126445 | 2H4-methog-1H-indol-34d}-M N-dimethyl-ethanami... |3

4-HO-MET CT13HI1EN... | 2181419 | 7872414 | 10513072 | 3{2-ethylimethyllaminolethyd]-1H-indol-4-of 0
BHTP C1HI12N... | 220.08475 ] 0 BE-653-5 282413 2Z-amino-3-{5-+tydromy-1H-ndol-34f)propancic acid |0
MDBEZP [143.4-Methylenedioxybenzyljpiperazine]  |C12H16N... | 22012118 | 32231-06-4 | 85214 1-benzo[1, 3dicol-54dmethyd)piperazine 0
Detydronorcetamine Cl2H12C00.. | 22106074 [l [l SPBBI-62-2 [ 142554 G-amino-6-2-chlorophemylloyclohex-2-en-1-one 0
Butylone C12H15N... | 221.10515 1 202875-1... [ 21106270 | 141,2benzodicxol-54)-2-methylaming}-1-Butanone | 3
bl-MDDMA C12H15N... | 221.10815 | | 7682315, | 7970235 141,3-benzodiceal-5+4-2-{dimethydamino)-1-Propa... (0
Ethylone (bl-MDEA) C12H15N... | 22110515 ]| 2106271 [{RSH1-1,3benzodicol-5l}-2-{ethylaminojpropan ... |3
N-Acetyl-3 4-methylenedicgamphetamine C12H15N... | 221105159 [l [l 26205%-71-5 | 262453 N-{141, 3 benzodioxol-5+yljpropan-2+ilacetamide 0
MDPR (3.4-Methylenedioog-M-propylamphetaming) [CT13H18M... | 221.14158 | 10723501 N-{141,3benzodioxol-5+propan-24dlpropan-1a... |0
Morcetamine C12H14C1.. | 223.07639 ] | 35211100 | 110322 2-Amino-2-{2-chlorophenyjoyclohexanone 0
Tiletamine C12H17N . | 22310308 ] 24714 2Bthylaminal-2-(24hiermdjcyclohexanons 0
4-MTPA C13HZ2TINS | 22313547 [l [l E34E07-2... a-methnd-4-{methydthio }N-propyl-Benzenesthanam... | 0
{3.4-DMBMAY | C13HZTN 22315723 [l = 58953774 3 4-dimethooes-N.N. otimethnd-Benzeneethanamine 10

e




i File Edit Miew PCDL Links Help
i B Find Compounds & I | & | @
Single Search | Batch Search | Batch Summary Edit Compounds Spectral Search Erowse Spectra | Edit Spectra |
Mass Molecule: m
0 M+Hp @ Newtral ) [M-HF Formula:
Mass tolerance: 10 @ ppm @ mDa Name:  JWH
MNotes:
- Retertion time M\_/\/\
Require IUPAC: oH1
RTtolerance: 0.1 min
CAS:
lon search mode ChemSpider
Include neutrals
Include anions Notes:  FIL_g207
Include cations Cayman Chemical kem Number 10831
Single Search Results: 169 hits
Compound Name Formula Mass Anion Cation R.T CAS ChemSpider IUPAC Name B
{min} Spectra
E JWH-030 C20H21NO | 291.16231 1625347, | 8147131 1-naphthaleryl(1-pentyl-1H-pymol-33ihmethanone (3
[JwH-D31 C21H23NO | 305.17796 162934-7... (1hesyi-1H-pymol-391} 1-naphthalernyl-methanone |3
[JWH 133 C22H320 312.24532 5253702 {6aR.10aR}F3+{1.1-Dimethylbutyl}-6a, 7,10, 10a4etr... |0
JWHO72 C22H13NO | 313.14666 208414-D... | 24628912 | 1-naphthalerd(1propyl-1H-ndol-33fHmethanone |3
JWH-251 4methylphemyd isomer C22H25N0 | 319.19361 8644454 2H4-methylphenyl-141-pentyl-1H-ndol-34d}ethan... |3
| JWH-251 3-methylphery isomer C22H25ND | 315.18361 14{1-pentyl-1H-indal-34}-2-m-talydethanone 3
[JWH-251 C22H25N0 | 319.19361 8644453 . | 5791472 2-2-methylpheryl-1-(1-pentyl-1H-ndal-34Hmetha... | 3
JWH 176 C25H24 32418780 1-I[1EF-3pentylinden-1+didineJmethynaphthalens (0
JWHO15 C23HZ1INO | 327.16231 1858471-0... | 3480676 {2-mettyl-1propyl-1H4ndol-3+4-1-naphthaleryd-m... |3
I JWH-073 Znaphthed isomer C23H21NO | 32716231 (1buty-TH4indol-3+fjnaphthalen-2+4d}-methanone |3
|JWH-073 Z-naphthyl-N-{1.1-dimethylethyl) isomer | C23H21NO | 327.16231 {1-et-butyl-1 Hindol-3+d)inaphthalen-2+metha... |3
JWH-073 2'naphthd-N-{1-methylpropyl) isomer C23H21NO | 327.16231 {1{sec-butyl}1H-ndol-3y)naphthalen-2ydbmeth... |3
JWH-073 Znaphthyl-N-2-methylpropyl) isomer C23H21NO | 327.16231 (14sobutyl-1H-indol-341){naphthalen-2-d)methanone | 3
| SWH-073 NA{1.1-dimethrylethd) isomer C23H21ND | 327.16231 (1-et-butyik-1H-ndal-241)inaphthalen-14tmetha... |3
JWH-073 N{1-methylpropyl} isomer C23H21ND | 327.16231 (14zec-butyl}-1H-indol-33d)naphthalen-14djmetha... |3
. JWH-073 N-{2-methylpropyl) isomer C23H21NO | 327.16231 {14sobutyl-1H-indol-34d}{naphthalen-1+f)methanone | 3
JWHO73 C23H21NO | 327.16231 2089874, | BR4T0A1 {1-buty-1H4ndal-351}-1-naphthalemyl-methanone 3
|JWH-175 C24H25N 327.19870 £13294-3. H1-naphthalermimethyl}-1-pentyl-1H-ndole 3
JWH 01547 C23H14D... | 334.20625 (2-methyl-1propyi{1,1.2.2.3.3.3d7H Hindol-3)-.. | 0
. JWH 073d7 (solution) C23H14D... | 334.20625 {1buty-1H4indol-344H-1-naphthalemy-2.2.3.3 4,44, |0
JWH201 C22H25N... | 335.13853 3644454 . | 23256220 | 244-methoxypherylk1-{1-pentyl-1Hindol-3y}eth .. |3
& 1 I -1H4indal-




[ >

B MassHunter PCDL Manager - CADATZ E=gTERSC)
i Ele Edit Wiew PCDL Links Help
PP FindSpecta & | | @
| Single Search | Batch Search | Batch Summary | Edi Compounds | Specil Search Browse Spectrs Edit Spectra-
l Ear::.lrsor jon: lon polarity Gmphic Mass List |
Tolerance: 20 | © ppm @ mDa lonization: | Library spectrum
Collision energy S 1 1 EI ] ??1]351 {:'
— 5 1004 100.00
Tolerance: 20 eV 5
0 oo
Spectra for compound: 4-Hucmisocathinone =
ﬁgl;nniound Precursor lon %Ez;n 804
4-Fluoroisocathin... 168.08185 10 T4
4-Flucrcisocathin.... 168.0318% 20
8| 4-Fuoroisocathin... 168.08189 604
e
404 10305470
3172
Single Search Results: 275 hits a0
Compound Name Formula . II 204 51 %
i Methylhexanamine (DMAA) C7H17N 1| 104 2on EE_ 3215 &0 121 04540
|| [cathinene caHiino | 1) | | | 153
I F-Flucroamphetamine (3-FA) CSH12FN 1I EI- T T T T T T T l T | T T 1y T T T
2-Flucroamphetamine (2-FA) CSH1ZFN 1I 3{:' 4{:' Eﬂ E{:' :'r{:' E{:' Hﬂ 1 {)'El 1 1 {:' 1 2{:' 1 3{:' 1 "“] 1 Eﬂ
4-Fluoroamphetamine {4-FA) CSH1ZFN 1| .I'I"I."Z
Phenylpiperazine (NFF) cioH14nz | 1
| | Methcathinane CI0H13NO | 16575377 = = PR [FIE] EE I O TP STyIpTOpar - 1-Ore 5]
nor-Mephedrone C10H13NO | 163.05571 31562-47-3 2-amino-14{d-methylphemi}-1-propanone 3
I Ethylamphetamine C11HITN 163.13610 A57-87-4 5588 N-ethyl-1-pherypropan-2-amine 3
[.ﬁ 4-Fluoroisocathinone CYHT10FNO | 167.07464 1270532- 1-amino-1-{44luorophemyl)propan-2-one 3
I FFluoromethamphetamine (3-FMA) C10H14FN | 16711103 1182818 Hluoro-N a-dimethyl-Benzeneethanamine 3
. 2-Flucromethamphetamine (2-FMA) C10H14FN | 167.11103 1017176 24lucro-N a-dimethyd-Benzeneethanamine 3
4-Flucromethamphetamine (4-FMA) C10H14FN | 167.11103 351031 5515721 144-Fucrophenyl}-N-methyl-2-propanamine 3
Alpha-Methyttryptamine (AMT) C1IH14N2 | 17411570 255-26-3 2530 14{1H4ndol-3+i)propan-2-amina 3
5APE C1TH13NO | 175.09571 2868348 . | 2012953 1{1-Benzofuran-54i}-2-propanamine 3
. BZP C11H16N2 | 176.13135 1104753 . | 684533 1benzylpiperazine 3
MDA {5,6-Methylenedicg-2-amincindane) CI1DH1IN... | 177.078538 132741-8.. | 111654 6 7-dihydro-5H-cyclopertaf][1,2lbenzodioxol-6a... |3
4-Methyimethcathinone (4-MMC) C11H1BNO | 17711536 1185726-.. | 21485654 | 2-methylamino}-14{4-methylphemyl)propan-1-one 3
2-Methyimethcathinone (2-MMC) C1IH15NO | 177.11536 1246511-. 24methydamino}-1-{2-methylphenyl}-1-Propanone 3
I . 3Methyimethcathinone {3-MMC) C11H15NO | 17711536 1246511-... 2-methylamino}-143-methylphery}-1-Propanone 3
Buphedrone C11H15ND | 177.11536 A08332-7... | 26286946 | 24{Methylamino)}-1-phenylbutan-1-one 3




Designer Drug Spectral Databases:

Current Status
I

11 Collection of LC-QTOF MS/MS data and construction of PCDL
completed.

" Spectra from 263 designer drug standards added to the PCDL.

" 17 designer drug standards did not produce a 1000-count base peak.

01 Collection of LC-QQQ MS/MS data by Dynamic MRM
completed for DEA and Japan lists.

01 Collection of LC-QQQ MS/MS data by Triggered MRM
completed.



I S

4-Methylmethcathinone (4-MMC)
2C-H
2C-D
2C-E
2C-C
2C-P
2C-N
2C-T-2
2C-T-4
2C-1
(+)-CP-47,497
RCS-4
JWH-073
| (£)-CP-47,497-C8-homolog |
JWH-250
JWH-203
[awh-018]
JWH-122
JWH-019
AM2201
JWH-081
JWH-398
RCS-8
JWH-200
AM694

4-Methylmethcathinone (4-MMC)
3,4-Dimethylmethcathinone (3,4-DMMC)
Methoxetamine

| (£)-CP-47,497-C8-homolog |
JWH-022 (AM2201 N-(4-pentenyl) analog)
[JwH-018 |
JWH-018 adamantyl carboxamide (2NE1)
AKB48
CB-13
Cannabipiperidiethanone
AM1220
AM2233

Evolving mix that contains as many designer drugs and
metabolites as possible (currently at 275 analytes).

Divided into 25 individual calibration mixes for
validation purposes (0.01 — 100 ng/mL).



LC Separation of 35 designer drugs including
DEA and Japan List using LC-QTOF instrument
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Counts vs. Acquisition Time (min)

3 x 100 mm 1.8u Agilent RRHD Eclipse Plus C-18

A = water 10mM ammonium formate, 0.1% formic acid; B = 90/10 ACN/water, 0.1% formic acid




Summary for Screening and Confirmation

of Designer Drugs Using QTOF LC-MS/MS
S

Unique Designer Drugs Accurate-Mass Database and Library
with 826 compounds, 263 with positive-ion spectra.

High-resolution LC method on UHPLC column and simple mobile
phase.

Preliminary SPE method for serum using 35 representative
drugs from multiple classes:

> 60% absolute recovery for 33/35 drugs.

0.5 = 5 ng/mL LODs for 33/35 drugs (others were 10, 25 ng/mL).



Development of a Comprehensive
LC-QQQ-MS/MS
Designer Drug Spectral Database
and Screening Confirmatory Method



Designer Drug LC-QQQ-MS Method

Development Work Flow
3

Optimizer/
MRM

Chromatography

e Confirmation of the precursor ion using flow injection analysis in MS2 full
scan mode for all standards.

e Optimization of fragmentor voltages and collision energies using Mass Hunter
MS Optimizer software.

e Acquisition of precursor-to-product ion transitions (4 - 10 for each drug) in
dynamic and/or triggered MRM mode.

e On-column separation of designer drug mixes to obtain retention times
(Zorbax Eclipse Plus C,; column, 2.1 x 100 mm, 1.8 mm).

Designer
Drug Library

e Compilation of fragmentation data and retention times to generate MRM
database.

e Validation against QTOF database.




4-Methylmethcathinone (4-MMC) 4-Methylmethcathinone (4-MMC)

- 2C-H l 3,4-Dimethylmethcathinone (3,4-DMMC) -

2C-D Methoxetamine
2C-E MDPV

(x)-CP-47,497-C8-homolog

:z-ﬁ JWH-022 (AM2201 N-(4-pentenyl) analog)
2N JWH-018 adamantyl carboxamide (2NE1)
2Calez AKB4S
2C-T-4 CB-13
Cannabipiperidiethanone
2C-I AM1220
(£)-CP-47,497 AM2233
RCS-4
JWH-073
(+)-CP-47,497-C8-homolog
o | tsepermix”
JWH-203 Evolving mix that contains as many designer drugs
and metabolites as possible (currently at 275
JWH-122 analytes).
JWH-019
AM2201 Divided into 25 individual calibration mixes for
JWH-081 validation purposes (0.01 — 100 ng/mL).
JWH-398
RCS-8
JWH-200

AM694



Flow Injection Analysis Screening

DEA mix

LC Conditions (FIA)
<10 7 |*ESI TIC Scan Frag=135.0V QQQ_Scan_FIlA_S0B_1uL_0D213_006.d

1 . .
e Injection volume: 1Ml of 1ppm JWH-081 in
LM nGs i i i i i i i i i i i
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Flow Injection Analysis Screening

(Japan Mix)
I ———————
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MRM Optimization/Confirmation

DEA list
/ M od \ \(h nda

2 et Nt Fiviits ass  Precursor Product Frag CE Abundance

| 3 | 2C-E C12HISNQ2| 209.14 210.1 1521 75 4 410160 100.0
| 4 | 2C-E C12H1SNO2) 209.14 210.1 178.1 75 12 162555 39.6
| 5 | 2C-E C12HISNQ2| 209.14 210.1 91.1 75 44 64133 15.6
6 2C-E C1ZHISNO2| 209.14 210.1 77.1 75 60 63047 16.6
| 7 | 2C-D C11H1/NO2) 155.13 196.1 1791 a0 4 27323 100.0
| 8 | 2C-D C11HI7NOZ2| 195.13 196.1 164.1 BO 16 9980 36.5
| 9 | 2C-D C11HI17NO2| 195.13 196.1 91.1 B0 36 4356 18.1
10 2C-D C11H17/NO2] @ 195.13 196.1 149.1 80 24 5445 19.9
11 | 2C-C C10H14CINOY = 215.07 216.1 199.1 65 4 22971 100.0
12 | 2C-C CI10H14CINOY  215.07 216.1 184.1 65 16 10235 44.6
13 | 2C-C C10H1ACIND 215.07 216.1 ] 65 48 4592 20.0
14 2C-C C10H14CINOY 215.07 216.1 169.1 65 28 5753 25.0
15 | 2C-H C10HISNOZ2| 181.11 182.1 165.1 85 4 10422 100.0
16 | 2C-H C10H15NO2)  121.11 182.1 150.1 85 16 6593 63.3
|17 | 2C-H C10HI1SNOZ2| 181.11 182.1 Tl 85 52 2759 26.5
18 2C-H CI10H15NO2)  181.11 182.1 135.1 85 28 2500 27.8
19 | JWH-200 C25H24N203 384.18 385.2 155 90 16 1059244 100.0
120 | JWH-200 C25H24N20Z 384.18 385.2 114.1 30 24 524831 95.7
21 | JWH-200 C25H24N203 384.18 385.2 127 90 52 502118 24.1
22 JWH-200 C25H24N207 384.18 385.2 70.1 30 43 126314 B6.0
23 | JWH-203 C21H22CING]  339.14 340.2 125 30 24 451456 100.0
124 | JWH-203 C21H22CINO|  339.14 340.2 144 90 40 46283 10.3
|25 | JWH-203 C21H22CING}  339.14 340.2 89.1 el 60 6B655 14.8
26 JWH-203 C21H22CINO|  339.14 340.2 188.1 90 16 67385 14.9
27 | 2C-T-4 C13H21NO25 235.13 256.1 239.1 70 4 312702 100.0
|28 | 2C-T-4 C13H21NO29 255.13 256.1 197.1 70 16 205668 65.8
29 | 2C-T-4 C13H21NO2Y 2535.13 256.1 211 70 52 63322 20.2
30 2C-T-4 C13H21N025¥55.13 256.1 15?/\ 70 36 /\54?95 20,7 _A

Mass Hunter Optimizer Software:
Optimizer Parameters

Fragmentor Coarse Range 60-210 vV
Collision Energy Range 0-60V
Cell Accelerator Voltage 7

Table 1. Excerpt from Summary
Table of Optimization data for
DEA list which shows 4 transitions
for each compound, optimized
fragmentor voltages and collision
energies and the abundance of
each product ion.



MRM Optimization/Confirmation
DEA Mix

| x105 |+ESI Product lon:1 (0.061-0.171 min, 43 Scans) Frag=B0.0V CID& 2-2000 = =) FIU_0213_04_Feb 2013_Lib..
6
54
. . e 0 44
Table. 2 Optimized transitions of JWH-081 o
7
14
xTDg_ +ES!| Product lon:2 (0.061-0.172 min, 43 Scans) Frag=80.0V CIDMZ%DD -» ™) FIU_0213_04_Feb 2013 Lib.
6
54
4
mmmm 1 T
Name 21 JL
14
JWH-081 C25H25NO2 371.19 372.2 100.0 0- —
%103 [+ES| Product lon:3 (0.062-0.172 min, 43 Scans) Frag=80.0v CID@60.0 (3722000 -> ) FIU_0213_04_Feb_2013_Lib.
JWH-081 C25H25NO2 371.19 372.2 157 80 44 37.9 &
54
JWH-081 C25H25NO2 371.19 372.2 127 80 60 27.7 4]
3_ T 1000
JWH-081 C25H25NO2 371.19 372.2 214.1 80 20 29.0 21
1
AN
X103 [+ESI Prodﬁ[ﬂ.%}ﬂ.]?} min, 43 Scans) Frag=80.0V CID@&20.0 (372.2000 -> ) FIU_0213_04_Feb_2013_Lib.
=
54
4]
)
e
14
. 115 120 135 130 135 140 145 150 155 160 185 170 175 180 135 150 135 200 205 210 215 250 235 230 235 |
Counts vs. Mass-to-Charge (miz)

Fig. 3 Shows the correlating product ion
peaks produced following CID of [M+H]"
ion during optimization



MRM Optimization/Confirmation
(Japan Mix)

. Japam List

Commpaaend MName Formula Mass  Precursor  Prodoct Frag CE Abundance  Rel %
4-8ARC CLIHISNG 177,12 1731 145.1 a0 20 I2TITS B4.8
4-8AMC CL1HISNG 177,12 1731 1650, 0 a 505349 100uD
4-8AMC CIIHISNG 177132 173.1 1441 a0 37 255191 50.5
4-8MC CLIHLSNO 177.12 173.1 1.1 0 3B SEE04 11.2
AP 233 CIZHZIINIO a53.05 4539.1 321 140 32 346271 10000
AMIZ2AZ CI2H2IINIO 45809 459.1 112.1 140 20 213533 61.7
ARAZ233 CIZHIZINID 458.05 4549.1 2309 140 28 S59E6 16.2
ek ) CIIHIZINDD 458,09 4532,1 T0.1 140 &0 66737 19.3
IH-0Z2 CIAH2ING 339.16 340.2 1Z7 140 52 127527 B7.6
INH-022 CREH2INDG 333.16 3402 155 140 20 145706 100.0
IH-0Z2 CIAHZING 333.16 40,2 2121 140 20 22753 15.6
IWH-0Z2 C2AH2AMNO 335.16 340.2 1ad 140 a0 SBEA 5.8

Compound
P CE | Rel%
Name
AM-1220 C26H26N20 382.2 383.2 98.1 85 36 100.0
AM-1220 C26H26N20 382.2 383.2 112.1 85 20 84.1
AM-1220 C26H26N20 382.2 383.2 155.1 85 24 40.9
AM-1220 C26H26N20 382.2 383.2 127.1 85 60 31.0
Cannabipiperidiethanone C24HZANIO? 376,22 T2 481 Fe) 40 173460 56,3
Cannabipiperidiethanone CRIHZEN20R 37622 Tz 121.1 T3 24 174515 ad.8
Cannabipiperidicthanones C2AHZENIOD 376.22 3772 411 Fe &0 124910 39.2
AKE-48 C2IHEIMNIO 265.25 365.3 135.1 50 16 472795 1o0u0
AFE-48 C2IH3INED 365.25 365.3 33.1 50 56 BA5T3 15.7
AKE-48 C23H31MN3E0 365.25 266.3 73,1 50 &l [FE ] 1.4
AM1220 C2eHIaMNI0 a5
AR-1220 C2EHIEN20 85 20 ;
APA-1320 C26H2aMN20 3822 283.2 155.1 BS 24 110248 40.9
ARA-1220 C2EHZEMI0 3822 383.2 127.1 85 G0 23703 31.0

Table. 3 Optimized transitions for AM-1220

x10% |+ES| Product lon:2 (0.061-0.176

45 Scans) Frag=05.0V CID@20.0 (383.2000 -> =) FIU_0155_05_Feb_2013_Lib.

g
%105 |+ESI Product lon:3 (0.062-0.177 min, 45 Scans) Frag=25.0v CID@24.0 (383.2000 -> ) FIU_0153_05_Feb_2013_Lib.
1754

155.1000

i

-
%105 |+ESI Product lon:4 (0.062-0.178 min, 45 Scans) Frag=25.0v CID@60.0 (3822000 -> ) FIU_0153_05_Feb_2013_Lib.

0.75

054

0254 ‘

9 95 100 105 110 115 120 125 130 135 140 145 150 155 160 165 170
Counts vs. Mass-to-Charge (m'z)

Fig. 4 Shows the correlating product ion
peaks produced following CID of [M+H]"
ion during optimization
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QTOF Confirmation

+ES| Proguet loms] (-s-elsum.?s min, 45 Scans) Frag=85.0v CID@36.0 (3832000 -> =) FIU_0158_05_Feb_2013_Lib.
93.1000
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Fig. 5b
QTOF fragmentation pattern ‘
at 40eV of AM-1220
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Chromatographic Separation
(DEA MIX B)

0

LC Conditions for Column Separation

Column:

Injection volume:

Zorbax Eclipse Plus C18 column, 2.1 x
100mm, 1.8 Um

20p1 of 10ng/ml DEA MIX B solution in H,0

7.5
.25
7d
6.75
6.5
625
i
575
5.5
525
5
475
45+
425
4]
375
354
325
ad
275
254
225
2]
1.754
1.5+
1254
1
0.75
0.5+
0.25

DEA MIX B Gradient: 1.0 min Mobile phase A (95%)
Mobile phase B (5%)
2C-N JWH 019 9.5 min Mobile phase A (10%)
2¢4 AM2201 Mobile phase B (90%)
RCS-4 JWH 398 Flow: 0.4m|/min.
JWH 203 JWH 200 Stoptime: 14 mins.
(+)-CP 47,497-C8-homolog (non-ionizable) Temperature: 40.00 °C
«105 |Cod 19: FIU_0155_04_Feb ESI MRM F 4 QQ__dMRM_E _FA-AF-MeDH_DEA B L6
Fig. 6 Chromatographic separation of DEA MIX B e
RCS4
11.073
JWH-200
3373
1 JWH-203
| 11.343
.
: S T 12450
20N o
5434 7169 |
A 6.880 A 2 A, B -
5 52 54 56 58 6 62 64 66 68 7 72 74 76 78 £ B2 84 86 88 9 92 94 965 98 10 102 104 106 108 11 112 114 116 118 12 122 124 126 128 13 132 134 136 138

Counts vs. Acquisition Time (min)




Chromatographic Separation
Dynamic MRM - Complete DEA MIX)

- |
| ]
Mass Precursor Product Frag CE Rel% = Ret.Times [
Compound Name Formula =
2C-E C12HISNO2 20914  210.1  193.1 75 4 1000 = 749
2C-E C1ZHISNO2 20914 2101 1781 75 12 39.6 T [
2C-E C12ZH19NOZ  209.14 2101 91.1 75 44 15.6 & [ LC Conditions for Column Separation
2C-E CI2HISNO2 20914  210.1 77.1 75 60 16.6 = [
2C-D C11HI7NO2 19513 1961  179.1 80 4 100.0 w  6.669 :
2C-D C11H17NO2 19513 1961  164.1 80 16 365 = j  Column: Zorbax Eclipse Plus C18
2C-D C1IHI7NO2 19513  196.1 kil 80 36 181 = ' column, 2.1 x 100mm, 1.8
L}
2C-D C1IH17NO2 19513 1961 1491 80 24 19.9 = ! Hm
= j p
2C-C CI0HIACINO2 21507 2161  199.1 65 4 1000 2 6519 £ |oction volume: 2041 of 100ng/ml DEA MIX B
2C-C CI0HIACINOZ 21507 2161  184.1 65 16 446 = [ .
= ) solution in H,O
2C-C CI0HIACINOZ2 215.07  216.1 77.1 65 a3 20.0 * [
c-C C10H14CINO2  215.07 216.1 169.1 65 28 25.0 [ Gradient: 1.0 Mobile phase A (95%)
2C-H C10H15NO2 18111 1821  165.1 85 4 100.0 * 5561 min  Mobile phase B (5%)
2C-H C10H1SNO2 18111 1821 1501 85 16 63.3 o [
2C-H C10H1SNO2 18111  182.1 77.1 85 52 26.5 1§ [ 05 | Do e
h
2C-H CI0HISNO2 18111 1821 1351 85 28 778 o [ - Mobfle Ph"se 5 (900/°)
JWH-200 C25H24N202 384.18  385.2 155 90 16 1000 = 9273 min e [plose L)
JWH-200 C25H24N202 38418 3852  114.1 30 24 95.7 = ]
L}
JWH-200 C25H24N202 38418  385.2 127 50 52 2.1 = ] Flow: 0.4ml/min.
JWH-200 C25H24N202 38418  385.2 70.1 50 a3 86.0 = :
JWH-203 C21H22CINO ~ 339.14  340.2 125 a0 24 1000 = 11340 Stoptime: 14 mins.
p
JWH-203 C2IH22CINO  339.14  340.2 144 50 a0 10.3 = L Temperature: 40.00 °C
JWH-203 C21H22CINO  339.14  340.2 89.1 a0 60 148 = [
JWH-203 C21H22CINO 33914 3402 1381 30 16 149 *® [ e e .
- . Table 4. Summary Table of Optimization
2C-T-4 C13HZINO2S 25513 2561  239.1 70 4 1000 2 7679 h . ] .
2C-T-4 C13H21MO25  255.13 256.1 197.1 70 16 65.8 = [ data for DEA list which shows 4 transitions
n . « o
2C-T-4 CI13H2INO25  255.13 256.1 91.1 70 52 20.2 . ] for each compound’ opf|m|zed frqgmenfor
2C-T-4 C13HZINO2S 25513  256.1 167 70 36 207 o : . . . .
- voltages and collision energies, relative
RCS-4 C21H23NO2 32117  322.2 135 110 20 1000 = 11072 |
L}
RCS-4 C21H23NO2 32117  322.2 77.1 110 56 469 = ] abundances reported as percentages and
u
RCS-4 C21H23NC2 32117 3222 1071 110 a0 162 = retention times.
RCS-4 C21H23NO2 32117  322.2 92.1 110 68 16.0 = ;




Chromatographic Separation

(Dynamic MRM = Complete DEA MIX)
e

x103 |Cpd 1: FIU_D174_05_Feb 2013 2.870: +ES| MRM Frag=75.0vV CID@4.0 (224.2000 -> 207.1000) 130206_QQQ_ DMRM_Ec! +100mm_FA-AF-MeDH_DEAZ6_100ppb_00.d

11.138

11578 JWH-081 2242 JWH-398
J j\n. 11.788 2 & 12,520

g2 84 486 88 9 92 94 96 98 10 102 104 106 108 11 112 114 11 118 12 132 174 178
Counts vs. Acquisition Time (min)

Fig. 7 shows the on-column separation of 23 of 26 compounds recently scheduled by the DEA

NB of the 3 compounds missing: 2 are non-ionizable (CP family) and 1 shows inadequate chromatography



Chromatographic Separation
(Dynamic MRM —= Complete DEA MIX)

- Rl ol
2C-N 5.431 227.1
Fig. 8 Enlarged view of co-eluting compounds in DEA mix 2C-H 3.565 182.1
4-MMC 5.678 178.1
2C-C 6.541 216.1
(. ) MDPV 6.546 276.2
2C-T-2 7.135 242.1

2C-| 7.191 308

605 61 615 62 625
Counts vs. Acquisition Time (min)




Chromatographic Separation

(Dynamic MRM = Complete DEA MIX)
e

x103 |Cpd 1: FIU_D174_05_Feb 2013 2.870: +ES| MRM Frag=75.0vV CID@4.0 (224.2000 -> 207.1000) 130206_QQQ_ DMRM_Ec! +100mm_FA-AF-MeDH_DEAZ6_100ppb_00.d

11.138

e
g2 84 486 88 9 92 94 98 98 10 102 104 106 108 11 112 114 11 118 12 132 174 178
Counts vs. Acquisition Time (min)

T
52

Fig. 7 shows the on-column separation of 23 of 26 compounds recently scheduled by the DEA

NB of the 3 compounds missing: 2 are non-ionizable (CP family) and 1 shows inadequate chromatography



Chromatographic Separation

(Dynamic MRM = Complete DEA MIX)
2

Figs. 2a and 9b - Enlarged view of co-eluting compounds in DEA mix

x105 I.’p'. 1: FIU_0174_05_Feb_2013 2.810: +ES| MRM Frag=75.0v CID@4.0 (224.2000 -> 207.1000) 130206_QQQ__DMRM_Ecl +100mm_FA-AF-MeOH_DEA2E_100ppb_00.d

Fifip§a

| JWH-122 12.055 356.2
JWH-019 12.070 356.2
JWH-250 11.132 336.2
JWH-073 11.174 328.2

JWH-019 JWH-122

127 169.1
155 144141.1
228.1 115.1
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Ceunits vs. Aequisition Time (man)

Is there cross-talk?e



Is There Crosstalk Between JWH-122
and JWH-019?

x«102 |Cpd 7 12.03 FIU_0204 04 Feb_2013: +ESI MEM Frag=00.0% CID@E52.0 (3562 -= 127.0) 1..
1 JWH-122 injected:;
review JWH-019 trarﬁwﬂgitions

1l i}

Cpd 7: 12.02 FIU_0204_04_Feb_2013: +ES| MRM Frag=20.0v CID@J£0 (356.2 -> 144.0) 1.
2 el T
12.03

2{ Common transition with JWH/22 h

a
x102 |Cpd 7:12.03 FIU_0204 04 Feb_2013: +ESI MEM Fr#g=30.0% CID@240 (356.2 = 155.0) 1.
24
74
y 862
- A | et Uttt 6 T III“
x102 |Cpd 7:12.03 FIU_0204 04 Feb 2002 +ESI MB*Frag=20.0% CID@20.0 (3562 = 2221) 1.
24

No crosstalk
R A X fa_n
i 2 3 4 5 & 7 & 8% 1 1 12 13
Counts vs. Acguisition Time (min)

1 Common precursor with no response for unique products = NO CROSSTALK




Unique Products for Common Precursor

0 Because the main 2 transitions for each of JIWH-019 and JWH-022 are
unique, the correct identities can be determined even though they co-elute

x105 |Cpd 8 12.03 FIU_0215_04_Feb_2013: +ES| MRM Frag=35.0V CID@60.0 (356.2/> 115.1) 1]0206_QQQ__dMRM_Ecl +100mm_FA-.

1 JWH-122 1203

«105 |Cpd & 12.03 FIU_0215_04_Feb_2013: +ESI MRM Frag=35.0v CID@20.0 (356, DZDE_GGG_dMHM_EcI +100mm_FA-.
12.03

0 "
%103 Cpd 7: 1201 FIU_0204 04 Feb_2013: +ESI MRM Frag=20.0v CID@E2.0 (356.2£= 127.0) 1X30206_QQ0_ dMRM_Ec! +100mm_FA-..
24
| JWH-019 .
o4
x105 Cpd 7 12.01 FIU_0204_04 Feb_2013: +ESI MRM Frag=90.0vV CID@24.0 (EEB.WEDE_GGG_dMHM_ECI +100mm_FA-_.
24
1. 12.01
1 2 3 4 h b I 2 9 10 1 12 13

Counts vs. Acquisition Time (min)



Chromatographic Separation
(Dynamic MRM = Complete Japan MIX)

x10€ |Cpd 1: FIU_0006_04_Feb_2013 5.681: +ES| MRM Frag=70.0v CID@E8.0 (178.1000 -> 16010000 130206_QQQ_ DMRM_Ecl +100mm_FA-AF-MeOH_JAP13_100ppk_01.d

12 [ \
1.1754
MXE

6317

0.925 MDBPY
0.9+ 6.547

0.75 AM-2233
0.725 | 7.788

Cannabipiperethang

=

=]

2MEA

12.450

AKBE48
13.834

CB-13
14.471

12 125 12 135 14 145

—_— . = —— T T T T T T
55 [ 65 i i a 85 9 95 10 10.5 11
Counts vs. Acguisition Time (min)

Fig. 10 shows the on-column separation of 12 of 13 compounds recently scheduled in Japan
NB the missing compound (1) is non-ionizable (CP family)



Fig.

co-eluting compounds in JAPAN mix
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LC-QQQ Separation of 176 Designer
Drugs

Cpd 176:
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Summary for LC-QQQ- MS/MS

Screening
-1

0 LC-QQQ-MS is effective in producing characteristic MS/MS spectra and
chromatography specific to several hundred designer drugs including DEA and
Japan List.

o Quantification data for the majority of the designer drugs studied showed
concentrations in the parts per billion range with adequate linearity.

o The use of a triggered MRM database with up to ten transitions for each compound
coupled with the characteristic chromatography data obtained allows the LC-QQQ-
MS to be a highly discriminatory analytical tool when conducting the analysis of
designer drug isomers



Recent efforts
e

FIG. 75. Number of new psychoactive
substances reported, 2009-2014 Distribution of Designer Drugs
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General Conclusions
o

A high resolution MS/MS spectral library was created that has spectral data at
three different collision energies for 263 designer drugs.

The Collision Induced Dissociation (CID) fragment spectra is very specific and
enable peak identification with high accuracy.

A compound database that includes structural and chemical information was
created for an additional 550 designer drugs.

LC-QQQ-MS is effective in producing characteristic MS /MS spectra and
chromatography specific to several hundred designer drugs.

Single quadrupole and triple quadrupole MRM databases are now available
for 261 designer drugs.



Acknowledgements
-1

01 Josh Seither, Melanie Eckberg, Ashley Kimble (FIU
Ph.D. students).

0 Ana-Michelle Broomes (FIU MSFS student).
01 Agilent Technologies, Inc.

1 Cayman Chemical.

01 Ralph Hindle; Vogon Laboratory Services.

0 FIU IFRI Forensic & Analytical Toxicology Facility
o NIJ funding NIJ 2014-R2-CX-K006



	Luis E. Arroyo, Anthony P. DeCaprio, Tom Gluodenis, Ana Michelle Broomes, Melanie Eckberg, Ashley Kimble and Joshua Z. Seither
	Global Drug Numbers
	Slide Number 3
	NPS Worldwide
	Slide Number 5
	New Psychoactive Substances (NPS)
	Designer Drugs
	Synthetic Cathinones
	Slide Number 9
	MS-Based Screening of Designer Drugs: Previous Work
	Evolution of Method Development and Overarching Goal
	Designer Drug “Master List” 
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Designer Drug Spectral Databases:�Current Status
	Slide Number 17
	LC Separation of  35 designer drugs including DEA and Japan List using LC-QTOF instrument 
	Summary for Screening and Confirmation of Designer Drugs Using QTOF LC-MS/MS 
	Development of a Comprehensive �LC-QQQ-MS/MS� Designer Drug Spectral Database� and Screening Confirmatory Method
	Designer Drug LC-QQQ-MS Method Development Work Flow
	Slide Number 22
	�Flow Injection Analysis Screening�(DEA mix)�
	�Flow Injection Analysis Screening  (Japan Mix)��
	MRM Optimization/Confirmation
	MRM Optimization/Confirmation  (DEA Mix)
	MRM Optimization/Confirmation (Japan Mix)
	QTOF Confirmation
	Chromatographic Separation�(DEA MIX B)
	Chromatographic Separation�(Dynamic MRM – Complete DEA MIX)
	Chromatographic Separation�(Dynamic MRM – Complete DEA MIX)
	Chromatographic Separation�(Dynamic MRM – Complete DEA MIX)
	Chromatographic Separation�(Dynamic MRM – Complete DEA MIX)
	Chromatographic Separation�(Dynamic MRM – Complete DEA MIX)
	Is There Crosstalk Between JWH-122 and JWH-019?
	Unique Products for Common Precursor
	Chromatographic Separation�(Dynamic MRM – Complete Japan MIX)
	Chromatographic Separation�(Dynamic MRM – Complete Japan MIX)
	LC-QQQ Separation of 176 Designer Drugs
	Summary for LC-QQQ- MS/MS Screening 
	Recent efforts
	General Conclusions
	Acknowledgements

