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What we (are expected to) do ...

= Analyses
» Blood, urine, hair, post-mortem specimens, etc.
= Expert opinions (in writing and in court)
= Driving under the influence of alcohol/drugs
= Criminal responsibility

= Any other pharmacological / toxicological aspect...

= Teaching (university students, police officers, ...)

= Forensic scientific studies ‘g
A

For Forensic Use

Rechtsmedizin Frankfurt am Main

Virtual Symposium on Current Trends in Forensic Toxicology / Stefan W. Toennes, Frankfurt/Germany



UNIVERSITATS ﬁ
k A KLINIKUM FRANKFURT
x GOETHE UNMIVERSITAT

Driving under influence of alcohol

= Blood alcohol

o German guideline requires 2 different analyses
o Typical: headspace-GC-FID and ADH assay
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Driving under influence of alcohol or drugs

= Blood alcohol

= Drugs: regionally different requirements (federal)

0 Predefined selection of abused drugs
(l.e. cannabis, cocaine, amphetamines, opiates)

o All possibly impairing abused or medical drugs

— Different analytical strategies
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Driving under influence of alcohol or drugs
Drugs of abuse ,screening”: immunochemistry

Limitation by kit availagsfly
® Cannabis
® Amphg#imine
@0caine(metabolite)
Opiates

Methadone
Benzodiazepines
Buprenorphin

Tricyclic antidepressants
Barbiturates
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,1arget compound screening” (LC-MS/MS)

Immunochemistry vs. chromatography (LC-MS/MS, targeted)
Cannabis THC, THC-carboxylic acid

Amphetamines Amphetamine, methamphetamine, MDMA, MDA, MDE, ephedrine,
phenylpropanolamine, norephedrine, norpseudoephedrine, kath

Cocaine Benzoylecgonine

Opiates Morphine, codeine, 6-acetylmorphine, dihydrocodeine,
oxycodone, hydromorphone

Methadone Methadone

Benzodiazepines  Diazepam, nordiazepam, temazepam, oxazepam, clonazepam,
bromazepam, tetrazepam, midazolam, flurazepam, phenazepam,
nitrazepam, flunitrazepam, alprazolam, brotizolam, lorazepam,
lormetazepam, diclazepam

Zolpidem, zopiclon, diphenhydramine, doxylamine

Venlafaxine, risperidone, paliperidone, citalopram, escitalopram, doxepin,
amitriptyline, nortriptyline, quetiapine, mirtazapine, chlorphenamine,
fentanyl, tramadol, tilidine

LSD, ketamine, methylphenidate, dextromethorphan
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,1arget compound screening” (LC-MS/MS)

=  Sample 0.2 ml serum/plasm 1.6 ng/mi LSD

[

Quality control for pos/neg decision

1 1.1 1.2 1.3 1.4

16 ng/ml Amphetamine

+ESI TIC MRM &Lx

05 06 07 08 09

. 32 ng/ml THC-COOH

| |
3 31 32 33 34
J\

8 ‘ 3 ng/ml THC

02 04 06 08 1 12 14 16 18 2 22 24 26

Abundance

:

|

3.8 3.9 4 4.1
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Historical“* GC-MS SIM

= 1 mlserum, C18 SPE,
Trimethylsilylation (40 uL MSTFA),
Agilent 30 m VF-1ms, GC-EI MS SIM

= Sample2Sample: 22-23 min

. THC  THC-OH | <— THC-COOH e — 24"
v
\ Analyte
Internal standard S
érmhj L. . . l ,,,,,, : , . b

15 155 16 165 17 175 18 185 min

= LLOQs
THC 1.0 ng/ml
THC-OH 0.3 ng/ml
THC-COOH 3.0 ng/ml | -«

For Forensic Use g I
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LC-MS/MS

x102 |

181 1.1 ng/ml THC

1.64
14 Internal standard

b Blank
0.8
0.6

0.4+

375 38 385 39 395 4 405 41 min

[¥%]

152-»193.1 , 3152 -> 1230
x102 | Ratio = 66.6 (107.8 %)
‘|_
0.8
06
0.4
0.2

04 ..

Relathve Abundance [ %)

275 38 2385 39 385 4 405 41
Acquisition Time (min)
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How we manage our routine analyses...

GC-MS Scan
7%

—

GC-MS/MS
(EtG hair)
4%

GC-MS/MS
(cannabinoids serum)
19%

GC-MS SIM
(DoA plasma)
13%
LC-TOF
6%

LC-MS/MS Screening
24%

51% 20%
- LC-MS/MS (Hair)
5%

LC-MS/MS (Urine)

LC-MS/MS
(medical drugs

1 LC-MS/MS quar;t;:ative)
1 GC-MS/MS
2 GC-MS
1 LC-TOF MS
For Forensic Use
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GC-MS/MS

x10 3
5- 1.1 ng/ml THC
‘; Internal standard
] Blank
I~
0

3.24 326 3.28 3.3 3.32 3.34 3.36 3.38 3.4 min

387.0 ->265.2 ,415.0 -> 321.1
x10 27
1.2

14
0.8
0.6+
0.4
0.2

04

-0.2 4

Relative Abundance (%)

324 326 328 33 332 334 336 338 34
Acquisition Time (min)

LTM column

For Forensic Use (low thermal mass)
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GC-MS/MS complementary to LC MS/MS

g/ +ES| T|C |V|R|\/| (LC MS/MS) 4fs 5
% . 0.3 ml Serum, C18 SPE, 100 ul Extrakt,
< 5l injected, Phenomenex Kinet AB-C18, ESI+ THC-OH ||| THC-COOH THC
* Sample2Sample: 5.4 min
o LL‘ Qs
THC 0.3 ng/ml
THC-OH ~~ 0.2 ng/ml
T C'ZC;QOJ-! § T 12 1a 1 18 20 22 0466 Q%/&mlis g 40 42 4 6 d8 S0 %2 %4
02 04 06 08 1 12 14 16 18 2 '2f2'2f4 26 28 3 32 34 36 38 4 42  min
§ THC-COOH
é
T
THC, @
@)
1T
|_
ol

02 04 06 08 1 12 14 16 18 2 22 24 26 28 3

For Forensic Use
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Analysis of basic drugs with GC-MS SIM

= 0.5 ml serum, Certify HF

= 40 ul MBTFA +
40 pl MBDSTFA

= Agilent 30 m VF-1ms,
GC-EI MS SIM

= Sample2Sample: ca. 23 min

= LLOQs (16 analytes)
7 <2 ng/ml
5 <5ng/ml
4 <10 ng/ml

For Forensic Use
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Amphetamine
Methamphetamine
MDA

MDMA

MDE
MBDB

Methylecgonine
'— Ethylecgonine

.—-‘J—b N N

Benzoyl-
ecgonine

Cocaine
/| —————— Cocaethylene

A

/— Morphine

Dihydrocodeine
Codeine
/ /— 6-Monoacetyl-

morphine

8.0 9.0 10.0 11.0 12.0 13.0 14.0 15.0 16.0 17.0 min
Virtual Symposium on Current Trends in Forensic Toxicology / Stefan W. Toennes, Frankfurt/Germany




Driving under influence of alcohol or drugs

JAll possibly impairing abused or medical drugs*

= Sensitive targeted screening sufficient in most cases

= Prior to reporting: evaluation of case documentation
(statements of suspect, police observations,
medical officer observations)
Medication? Other drugs? llinesses? Symptoms?

= Further (specialized) analyses (e.g. NPS)
= Additional untargeted screening, e.g. in accidents cases
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LC-TOF MS

N\

= Single stage

= No fragmentation
(in-source fragmentation = ,All-lons*
@ 125, 190 and 230 V
results in large data files)

= Screening with in-house database
(covering psychoactive medical drugs,
designer stimulants — benzodiazepines — fentanyls)

=  Sensitive detection

= Quantification (confirmed by proficiency tests)

For Forensic Use
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LC-TOF guantification: 7-aminoflunitrazepam

_ ISTD (-d,)
+UI§IC (284,1193) Scan std1.d +£§can (4,6911—4,784 min, 11 scans) std1.d
5 x10 ° 4,778 min. § x10 ° 291,1568
8 b o 4.5
«  Calibrator o
1 0.0025 mg/L
3,
2,5
2,5
24
2 .
1,5 7-Amino-
b /j\ww f flunitrazepam
0,5 292,1606
o e A AN A g [\/\/\f\/\AA/\/\A [EATTAY A 0s sa 1137
[ B——— \: Lt . I . L l ‘\‘ coiba
3‘,8 4‘1 4‘,2 4‘,4 4‘,6 4‘,8 “5 5‘,2 5‘,4 5‘,6 2‘83 218‘4 2‘85 2‘86 2‘87 2‘88 2‘89 2‘90 2‘91 2‘92 2‘93
Acquisition Time (i Mass-to-Charge (r
+ EIC (291,1633) Scan std1.d
S x10 ° | 4,695 min.
(@]
1,2
0,8
08 ® 5 calibrators
04 ® 1 external accuracy control
02 = 2 proficiency test samples
C e e |
3‘,8 z‘l 4‘,2 4‘,4 4‘,6 4‘,8 ‘5 5‘,2 5‘,4 5‘,6 b 6.1
For Forensic Use Aeausiton Tme { mg/L
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LC-TOF quantification: diazepam

+VIJEIC (285,0789) Scan std3.d
g x10 © 7,146 min.
o 1,2 [ |
* &
0 o wom
N\/l\o
0,6
0,41 .
Calibrator
%2 2mg/L
§ 62 d4 ds 68 v 2 T4 s

+

E

2 4 4
S x10

o

O

C (290,1103) Scan std3.d

Acquisition Time (i

7,096 min.

+ Sc
2
c
=]
[e}
o

an (7,093-7,117, 7,142-7,197 min, 8 scans) std2.d

x10 6
2,2|

2

1,8

1,6

14

1.2

4
0,8
0,6
0,41
0,2|
o

288,0764

Diazepam

287,0740

286,0799
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ISTD (-d)

288,2875
297, 1080
|

29%,1055

285 286 287

2‘88 2‘89 2‘90 2‘91 2‘92

Mass-to-Charge (r

® Signal overloaded

® Quadratic calibration

6 62 64 66 68 7 T2 14 76 0 1 2
For Forensic Use Aeausiton Tme { mg/L
Virtual Symposium on Current Trends in Forensic Toxicology / Stefan W. Toennes, Frankfurt/Germany IE
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LC-TOF quantification: diazepam-13C

+EIC (286,0789) Scan std3.d

§ xto ® 7,130 min. § x10 © 1 284,0764
3 3 cl ' o 2,2|
2
25 Q 18 Diazepam-13C
L O e :
| ;
" \/1\0 1’i 287,0740
Calibrator 08
0,6 286,0799 -
* 2mg/L od waos  1STD (-ds)
02| 290,1080
' | (T 292,1055
0, (. I . [ . .
6 62 64 65 68 7 T2 714 76 o85| o8 |ob7 o882 b0 201 202
Acquisition Time (i Mass-to-Charge (r
+ EIC (290,1103) Scan std3.d
S x10 4] :
2 7,096 min.
(@]
7,
4,
® 5 calibrators
2 ® 1 external accuracy control
$ . .
i / ® 2 proficiency test samples
6 62 64 66 68 7 T2 14 76 0 7 2
For ForenS|C Use Acquisition Time (| mg/L
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Label A Farmula ¥H8 RTw+ Flag ¥8 Score v 8 Diff (Tgt. ppm) T8 miz v8 Mass v

=- Delorazepam| CI15HI0CIZNZ O 645 98,95 -253| 305,0245| 3040163
-- Diclazepam CI6HIZ2CIZ N2 O | I 319,04 3180328
-- Lormetazepam| C16H12 CI12 N2 02 654 9724 -1.02| 357.0168| 3340272
-- Lorazepam | C15HI10CIZ2 N2 02 5596 | low score &0 54 13,87 32,0202 3200164

26t QB C|EAaloc 1om| 2o st QB W ¢~

«104 |Diclazepam: +ES| Scan (rt: 6.98-7.04 min, & scans) Frag=125.. | ™ %102 Delorazepam: +ES| EIC(305..

319.0400 14 £.452
5] ([CIEH12CIZNZ0]+H)+ Haq o
M 4.844 ER{417.862
45- g 0 —
4 il = x102 |Diclazepam: +ESI EIC{319.0..
357 3210374 O
([CIEH12CZN20]+H)+ 0-
x102 Lorazepam: +ES|I EIC({321.0..
14 7.008
5.963
E|_ A
x102 Lormetazepam: +ESI EIC{33..
14 6.535
04
-t 1 1 1+ 1 1 T T T T T
318 319 320 34 322 323 324 b 6 78
Counts vs. Mass-to-Charge (m/z) W Counjs (%] vs. Acquisition Ti..

For Forensic Use
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LC-TOF screening: psychiatric hair sample

A

N TIC

Abundance

Identification criteria

Quetiapin
® Accurate mass of M+H* A Prothipendyl

. Haloperidol
_A A Diazepam

" |sotope pattern/ratios

) ] Nordiazepam
" Retention time Biperiden

Sufficient (forensic) reliability ?

Cocaine

lr Carbamazepine

~ A Amitriptyline
A Risperidone

| Promethazine
I\ Flugxetine

For Forensic Use
Virtual Symposium on Current Trends in Forensic Toxicology / Stefan W. Toennes, Frankfurt/Germany IE
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LC-TOF: amphetamine in hair with
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File Edit View PCDL Links Help
’ Find Spectra (= [ | [ 5 | a@ Iﬂ%l (7]
Single Search Batch Search Batch Summarny Edit Compounds Spectral Search Browse Spectra Edit Spectra
Mass Graphic | Mass List |
Precursor ion: |:| lon polarty: Library spectrum
10+
Tolerance: ) ppm (@ mDa lonization mode § Hlﬂﬂﬁﬁa
= 1004 -
Collision enengy é 90-
[ ] 0.
Tolerance: el
704
&0
Spectra for compound: Amphetamine (Amfetamine)
50
Compaund MName lon Species Precursorlon CE(V) Pg
Amphetamine (Am... 13611208 407 119.08553
Amphetamine (Am... ; 304 2560
Amphetamine (Am... 204
10 136.11208
257
ﬂ_ T T T T T T T T T T T T T | T
68 70 75 BO 85 %0 85 100 105 110 115 120 125 130NJ3E
m'z
£

For Forensic Use Single Search Results: 1 hit for

Formula Massg Anion Cation RT (min) CAS Chem5Spider [UPAC Name

CIH13N

Compound Mame
Amphetamine (Amfetaming)

1-Phemy-Zpropanamine
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LC-TOF All-lons: cocaine In hair

ile  Edit View PCDL

Links

FindSpectra (& | | ] 5 | =@ [4H @

Single Search | Batch Search Batch Summany Edit Compounds | Spectral Search Browse Spectra Edit Spectra |
Mass Graphic | Mass U5t|
Precursor ion: |:| lon polarity: Library spectrum
110
Tolerance: ) ppm (@ mDa lonization mode E 1?{1;‘1]1&55
= 1004 -
Collision energy é a0
1 .0,
Tolerance: eV
704
&0
yectra for compound: Cocaine
. 504
Compound Name lon Species Precursor lon  CE (V)
) 4D
Cocaine (M=H}+ 304.15433 304 15433
Cocaine (MH)+ 304.15433 20 30 zﬁ.y
Cowe g | wiem| al| o R
13.66 150.09134
104 6.50 27212811
{:_ T T T I| |I T | I| I|I T T T T T T T T T T T T T -III-Iﬂ T T T T
60 70 B0 350 100 110 120 130 140 150 160 170 180 1590 200 210 Z20 230 240 250 260 270 230 250 300 310
miz
Single Search Results: 8 hits
Compound Mame Formula Mass Anion Cation RT {min) CAS ChemSpider [UPAC Mame Spectra
Tropacocaine C15H1S5NOZ | 24514158 [l | B37-26-8 10377 8-Methyl-B-azabicyclo[3.2.1]oct-341 benzoate 3
4-Fuorotropacocaine C15H18FNOZ2 | 263.13216 ] ] 458558-65-3 | 4321252 3-Methyl-8-azabicyclo[3.2 1Joct-34d 44luorobenzo... |0
Morcocaine CI6H1SNO4 [ 28513141 |:| ] 18717-72-1 | 555083 methyl (1R,2R,35,55)Hbenzoylo»-8-azabicycl... |3
Cocaine CI7HZINO4 | 303.14706 I ] B0-36-2 10154104 Method (1R.2R.35.55)-3Hbenzoylooy)-8-methyl-8a... |3




E% Drugs of abuse in hair (LC-MS/MS ) ﬁ

® Hair decontamination
shredding with scissors
% h ball mill pulverization
25 mg typical sample weight
2 h ultra sonication (1 ml MeOH)
filtration and evaporation
100 pl LC solvent
4 ul injection volume

ESI+ LC-MS/MS

® Sample2Sample: 12 min

For Forensic Use

53 Analytes, 28 deuterated internal standards

Cannabis
Tetrahydrocannabinol (THC), Cannabinol, Cannabidiol

Amphetamine and derivates
Amphetamine, methamphetamine, MDMA, MDA, MDE,
phenylpropanolamine (norephedrine), methylphenidate

Cocaine
cocaine, benzoylecgonine, norcocaine, cocaethylene

Opiates/opioids

heroin, 6-acetylmorphine, morphine, 6-acetylcodeine,
codeine, dihydocodeine, oxycodone, hydromorphone,
methadone+EDDP, buprenorphine+norbuprenorphine,
fentanyl+norfentanyl, tilidine+nortilidine,
tramadol+O-desmethyltramadol

Sedatives

diazepam, nordiazepam, temazepam, oxazepam,
flunitrazepam+7-aminoflunitrazepam, bromazepam,
alprazolam, clonazepam+7-aminoclonazepam,
lorazepam, lormetazepam

zolpidem, zopiclon, zaleplon,

diphenhydramine, doxylamine, chlorphenamine

Others
ketamine, pregabaline
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\ Drugs of abuse in hair (LC-MS/MS )

0.01 ng/mg THC

0.02 ng/mg required sensitivity

315.2->193.1 ,315.2-> 123.0

umwmsnhsﬁ

KLU FRANKFURY

RSITAT

0.025 ng/mg Alprazolam
0.05 ng/mg required sensitivity

309.1->205.1 , 309.1->281.0

4 x102 x10 27

§ 51

5 14 4

<

0 0,5 3

2 2]

2 OM "

o — —
-0,5- 0-

\
7,5

\
7,6

\
7,7

\
7,8

\
7.9

I I I
8 8,1 8,2
Acquisition Time (min)

0.025 ng/mg Buprenorphine
0.1 ng/mg required sensitivity

468.4 ->414.4 , 468.4 -> 396.1

¢ x102 |

Relative Abundan
(=)
@

\
5,1

\ \ \
52 5,25 5,

\ \ \ \ \
5,15 3 53 54 545 55 555

Acquisition Time (min)

0.025 ng/mg Norephedrine

0.1 ng/mg required sensitivity for amphetamines

152.1->134.1 ,152.1->117.1

x102 |
1,
0,8
0,6
0,4

Ve U

™

0,2

O,

4,5

For Forensic Use
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4,6

4,7

4,8

\ \
4,9 5

Acquisition Time (min)

1,4 1,5 1,6 1,7
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G A
Ethyl glucuronide in hair with LC-MS/MS

Applied Biosystems 4000 Q-TRAP, ESI-
HOOC

Chrompack Inertsil ODS-3 column, else HILIC columns HO 0
m
LLOQ 3 pg/mg OH

428
w004 (A) ] h O CHs
(100 mg sample weight) i
80 .
. Il Ethyl-glucuronide (EtG)
11
;; B0 g
g M J
E 4‘] # i |II1' |II 1
- & .-rl' .I ! fi ! M 1 i
20 . A \ - __(‘.." e f 1| fi ) J: ;. i | M -'L,"I W ! | 1 pr Al .'J] A A ol ! ft "|
r-' "u._l ,_'I‘ W "--"II,__.- I.' l"._.- A I|I 'li.h ll-I._l I"._\- I:_ .__".I Lo *.|'|l Iw. e Vo ' \‘ﬁ' ""_.I '|_'f W j l__l.-."""I W .‘._'-'-.,F R & [Pk .,ll - |.-"I .I'-.,"-':,a"", o
gl LRI . : . . . — i
05 1.0 1.5 20 2.5 3.0 28 40 45 a0 55 6.0 6.5 70
Time, min
n
250 (B)
200 4 4 28
2 > i
0 |"‘I 1
. 150 I
.g‘ *.l )
h Aot
_E 100 o~ -""..l & - | . lr. xf_l - . ll ey r-\, . o
—_ P ._.' '__ a I.l o ¥ -"'.“ A \ _rl' o LA L J Ty, ,"'”"|_ L I ¥ g J e | \ A
AR [ AN -
E0 - _ IH,-“ , o
Ik_,'l v
0 S — S S -
05 1.0 1.5 20 2.8 3.0 Rl 40 4.5 5.0 55
rime, min

J Mass Spectrom 2006, 41:34-42
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\ IR L
Ethyl glucuronide in hair with GC-MS/MS

e 3 pg/mg EtG

14- S/N: 137
1-?: LLOQ 0.8 pg/mg (25 mg hair)
0.8 Internal standard
0.6+
0] Blank
0.24___ "\ }

0 - y

)

69 7 71 72 73 74 75 76 77 min

496.0 -> 284.0 , 496.0 -> 377.0
R x102 | Ratio = 604.8 (100.8 %)

14
0.8+
0.6+
0.4+
0.2+

04

Relative Abundance (%

69 7 71 72 73 74 75 716 717 18
Acquisition Time (min)

For Forensic Use
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Sensitivity & routine robustness

=  Hair decontamination
shredding with scissors

umwmsnhsﬁ

KLINIKUM FRANKFURY

ERSITAT

25 mg typical sample weight, ﬂ'ﬂ! O
24 h incubation with 0.8 ml water b {E
filtration and evaporation GC oven Porged
derivatization with 50 pul PFPA Utimate Union
evaporation; 50 ul ethyl acetate
2 ul injection —

= Precolumn: Agilent DB-1ms (1 m) ﬁg)mmr
Backflush after 1.5 min se oven Oz
Oven column: Agilent DB-1ms (15 m) O -
Deans Switch: 5.5 - 7 min transfer to DB-1ms Donng Saiich
LTM-module: Agilent DB-17ms (15 m)  [agilent 70008

GC/MS O

NCI(ammonia) GC-MS/MS (W manie

= Sample2Sample: 14 min Petzel-Witt et al. (2018) Drug Test Anal. 10:177-183

For Forensic Use
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% @1
Concept and configuration of GC-MS/MS

= 2 Injectors and 2 inlets with double drilled ferrule — MS
=  Only target compound analyses, Cl-mode, no El-mass spectra
Serum cannabinoids in methane PCI-mode (1x LTM)

— EtG in ammonia NCI-mode (column switching: oven+LTM) External
» Method/instrument control: via MassHunter Acquisition 7000
Back Aux
Side
Back Inl Back
Back
THC | EPC |——{ MMI LM
Front Inl Front "’ Sl E i Front
EtG | EPC|-——» MMI £ FID
| 2T 0B S S | S r
Front Aux T
1
AUX 2
3

For Forensjc Use | : : : |
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Automation

Solid-phase extraction

= Cannabis
over night

= Basic drugs
over day (stability)

= Online sample prep?
NO ! (too slow, inflexible)

= Future ?
liquid-liquid extraction

.-:":';.
P '

L wiEs A
: | s
For Forensic Use ‘ r i
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Forensic Toxicology Is more than analytics...

= Competence in analytic procedures is necessary

= Complemented by ...
= Pharmacological & toxicological expertise

» Forensic expertise

» | egal expertise

= EXperience in court hearings

= Teaching
Scientific research projects

: | ~
For Forensic Use ‘ r i
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National Institute KLINIKUM rnnmu;;nr
on Drug Abuse

HOME O sEamrcH . L. )
Advancing Addiction Science

M.¥. / REGION

SYNTHETIC
Drug 85 Ti SYNTHETIC CANNABINOIDS (K2/SPICE)

CANNABINOIDS (K2/SPICE) UNPREDICTABLE DANGER
UNPREDICTABLE DANGER
SYNTHETIC CANNABINOIDS USE CAN

ey 8 Be HARMFULTOYOUR HEALTH
e k2/SPICEIS NOT MARIJUANA

By MARC SANTORA DEC. 14,

flosy 2:695

It's often called synthetic marijuana or fake weed because some e :;%

of its chemicals are like those in marijuana. The effects can be i e i
unpredictzble end in some cases, severe or even life-threatening. 1-800-222-1222 P thatd .Jr._.é,; in B¢

ER wizits in 2011 wers o Ohve
linked ta synthetic dow Over an
cannabinoids*

Qd ; 8 Fo IL'il‘i.'nlht't]rl_

Shradded, dried Man-made A “matural” drug? 0%, of thasa 5 ERyiaits W AT
plant matarial chamicals Mot aven close. vigits imvalvad females, adolescents and young
bl and 70T involved males? adults ages 12-29%

calls to peleon contrel o Sli‘[m 1o

Thm Boms i e B briom ! dmome Larbn Semen ZE b s,
S A T B e e 30\. v U o it b et e e B

i : > o LT LM
' For miore infoemation, visit g

5 e drugabuse. gowf publications) drug facts ) synthetic-cannabinoids Y Fin rwn i i
e e ek l.:ru!wl

https://www.dytigadsise pROrEdaied! hpyE gendsesiatstics/sidbgrapisicaisyathbiesyatinetimromiguana. html
k2spice-unpredictable-danger
For Forensic Use
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Study design Bk

6 subjects
® o o e
& & & G
* w | 0mg JWH-018 |
| 2mg JWH-018 |
t=0 12 h

g | 3mg JWH-018 |

= JWH-018 as pure substance (no incense)
= Neurocognitive test battery

m 12 x Serum & oral fluid, 5 x urine for pharmacokinetics

: | ~
For Forensic Use ‘ r i
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LC-MS/MS targeted method

= Agilent 1290 LC, JetStream ESI, 6460 MS/MS

=  Serum liquid-liquid extraction of 0.5 ml
= Oral Fluid (Quantisal) dilution of 0.1 ml with methanol
= Urine liquid-liquid extraction of 0.5 ml, tGRD

= 11 Analytes validated (LLOQs Serum <0.01; Oral Fluid <0.1; Urine <0.01 ng/ml)

\
N 6 N N N

7
3
4
JWH-018 - KH\

For Forensic Use " r
| I

>
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First drug application...

0.06
| —Study subject (2 mg)

—Volunteer 1 (2.9 mg)

o
o
al

—\olunteer 2 (4.35 mQ)

o
o
=

Teske et al. (2010) J Chromatogr B

0.02

Concentration [ng/ml]
=
w

0.01

0

ERSITAT

12

T
(00)

Time after start of use [h]

For Forensic Use
Virtual Symposium on Current Trends in Forensic Toxicology / Stefan W. Toennes, Frankfurt/Germany
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JWH-018 concentration-time curve

4.0 10
3.5
3.0
2.5
2.0
1.5

0.1
1.0

In(concentration) [ng/ml]

0.5

JWH-018 concentration [ng/ml]

0.0 . . . 0.01
60«

50
40

30

20

10

THC concentration [ng/ml]

0 —

) 1 2
For Forensmcbse

——

0O 1 2 3 4 5 6 7 8 9 10 11 12hafterinBalation2 3 4 5 6 7 8 9 10 11 12

Distribution phase
Kinetics similar to THC
Polyphasic elimination

3 4 5 6 7 8 9 10 11 12 h afterinhalation
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Metabolites in serum

Calibrator 0.1 ng/ml

5-HO-p
3
c
©
©
c
2
< 4-HO-i
. 358 - 155 (target)
358 - 127 (qualifier)
Blank
\ \ \ \
5 55 6 6.5min
3
v Xlgof JWH-018 pentanoic acid
C
S 0.8+
c
2 06
<
0.4+
372 - 155 (target)
0.27 372 - 127 (qualifier)
0 - = Blank

\ \ \ \ \ \ \ \ \ \
10 12 14 16 18 20 22 24 26 2.8min

For Forensic Use
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Metabolites In serum

Calibrator 0.1 ng/mi >-HO-p Serum sample

N

5-HO-p 4-HO-p . . .
15 min after inhalation
x103 7
o 77
g 6 3'H0'p
©
3 > ]
< 4-HO-i 4
3 _
6-HO-i
/\_ 358 155 2 - A
AL 358>127 1| A
Blank
I I I I O K [ [ [ [ [ I I I I I
5 55 6 6.5min 2 25 3 35 4 45 5 55 6 6.5min
3 3 Unknown
o Xl? 0- JWH-018 pentanoic acid Xl? 0- .
8 - : metabolite o
c JWH-018 pentanoic acid
S 08 0.8 ?
[
2 06 0.6 -
<
0.4 0.4
372 > 155
0.2 372 >127 0.2
0- = Blank 0 -
I I I I I [ [ [ [ [ I I I I I
1.0 1.2 14 16 1.8 2.0 22 24 26 2.8min 1.0 1.2 14 16 1.8

For Forensic Use
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Concentration-time curves (metabolites)

JWH-018 concentration [ng/ml]

[EEN

L1l

o
=

0.01

L0

1 ® JWH-018
| O JWH-018 pentanoic acid
O JWH-018 N-(5-hydroxypentyl) metabolite

- 0.1

- 0.01

0.001

0 1 2 3 4 5 6 7 8 9 10 11 12

Time after inhalation [h]

Toennes et al. (2017) J Pharm Biomed Anal 140
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Concentrations [ng/ml]

T ey Oy O
N 6 N N N
° 4

OH P

> 0~ ~OH
JWH-018 6-HO-indol-JWH-018 5-HO-pentyl-JWH-018 JWH-018 pentanoic acid
C.. 476(290991) C,,0.03(0.00-0.17)  C,,0.16 (0.06-0.37)  C,__, 0.14 (0.06-1.02)
C,,, 0.03(0.01-0.15)  C,,}, 0.00 Cpp, 0.01(0.00-0.03) €,y 0.03 (0.00-0.13)

4-HO-pentyl-JWH-018
Cax 0-18 (0.07-0.41)

) C,,0.01 (0.00-0.06)
For Forensic Use
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Effects: ,High* ?

CSerum

mean+SEM

JWH-018 concentration (ng/mil)
-9

0 120 240 360 480 600 720
Time (min)

b +0mg = 2mg - 3mg

= VAS High

mean+SEM

Subjective high (cm)

0+ . ® ® ®
0 120 240 360 480 e00

Theunissen et al. (2018) Br J Pharmacol 175 Time (min)
For Forensic Use
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Neurocognitive effects  «w, = ©° =™ =™

= Lambda-c in the ﬁ”"l . |
critical tracking task g .,
(CTT) 5

= Control losses in the
divided attention task
(DAT)

B
<

R
T g

Number of control losses
—
=
i

=]
L

~

o )|

Rechtsmedizin Frankfurt am Main

Theunissen et al. (2018) Br J Pharmacol 175 |
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Correlation of dose and effects or PK ?

= No significant difference in any PK property
between 2 and 3 mg dose

= Dosing efficiency using ,Maastricht crack pipe* ?

= Analysis of residues:

0.09to 2.10 mg
(median 1.14 mq)

For Forensic Use
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JWH-018 in oral fluid vs. serum

30

25

20

15

10

Concentration [ng/ml]

0.8

0.6

0.4

0.2

Concentration [ng/ml]

0

For Forensic Use
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10 11 12 h afterinhalation

ot
e

F

Ia
B

=

2
o _-——

Lotz EGEIY [MPFEwp: LR
D HOT MG EST LicUiD

Toennes et al. (2018) Drug Test Anal 10

10 11 12 h after inhalation

" Extensive elimination <1 h
" OF=serum (@ =1 h)
"  OF/S ratio:
median 1.4, IQR 0.5-2.8
(Min 0.05 — Max 554)
" Detectability: OF < S
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Urine: JWH-073 butanoic acid as metabolite?

\©
: o

JWH—O?ES\‘ < > o JWH-018 pentanoic acid
R Hutter et al. (2012) J Mass Spectrom
\\\
® RN
L N
L L
N N
JWH-073 > O~ "OH JWH-073 butanoic acid

Moran et al. (2011) Anal Chem

For Forensic Use
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Selection of fragments for MRM

—|-8De —‘
Ppeiige

o)
m/z 155 m/z 127
miz 272 ?
m/z 342
Analyte Parent mass fragments
JWH-018 JWH-018 m/z 342 155, 127
Pentanoic acid (+16+16-2) m/z 372 155, 127
Hydroxylation chain/ring (+16)  m/z 358 155, 127
Butanoic acid (-12-2+16+16-2) m/z 358 155, 127

Mdller et al. (2011) Drug Test Anal
For Forensic Use
Virtual Symposium on Current Trends in Forensic Toxicology / Stefan W. Toennes, Frankfurt/Germany IE

Rechtsmedizin Frankfurt am Main




~~ Metabolites In urine ﬁ

| ERSITAT

Wintermeyer et al. (2010) Anal Bioanal Chem
Moller et al. (2011) Drug Test Analysis

Abundance

Several isomeric metabolites:

Pentanoic acid

dihydroxylated and dehydrogenated

® |n-vitro metabolism study

= Detected in one authentic urine sample

I ®  Glucuronidated

Unknown O

metabolite(s) o
AN O

O \  JWH-018
N +OH
+ OH

A - H
| | | | | | | | | | 2
1 12 14 16 18 2 22 24 26 2.8min

Toennes et al. (2017) J Pharm Biomed Anal 150

For Forensic Use
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Hydroxy-keto metabolites

Urine (native) of JWH-018 user

Pentanoic
. 100 1 145 acid
3% 13.0
o3 ] 12.9 '
= s k a0 Monoglucuronides
D \- m/z = 548.19-548.20
s 0 . . . . . . - : - . M/z=372.15-372.16
10.0 11.0 12.0 13.0 14.0 15.0 16.0
Time [min]
Urine after enzymatic hydrolysis Pentanoic
1001 a0 1%° acid
& 13.4
= I Phase-I-metabolites
% 1439 /z = 548.19-548.20
T 0 . - - | “"'-"‘~""-—’ — ‘*I-—"-"“I— /2 = 372.15-372.16
10.0 11.0 12.0 13 0 14.0 15.0 16.0
Time [min]

Moller et al. (2011) Drug Test Anal

Watanabe et al. (2016) Forensic Sci Int

For Forensic Use
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Reg u Iar metabOI Ite I Urine samples of every subject (1 h, GRD)

Calibrator " Hydroxy-keto-metabolites V\\ Pentanoic acid
-y JWH-018 MRM for hydroxy-keto metabolite
© 5 pentanoic acid

N = same as for pentanoic acid

2] = 372.2->155.0,127.0

14

I I I I I I I I I
1 1.2 1.4 1.6 1.8 2 22 24 2.6

Acquisition Time (min)

Baseline (representative subject)

[ [ [
‘ 1 1.2 1.4 1.6 1.8 2 2.2 24 2.6

I I I . .
1 12 14 16 18 2 22 24 26 Acquisition Time (min)
Acquisition Time (min)
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,Baseline serum®: surprisingly positive

JWH-018 In(concentration) [ng/ml]

0.01

1 ® JWH-018
| O JWH-018 pentanoic acid
O JWH-018 N-(5-hydroxypentyl) metabolite

umwmsnhsﬁ

KLU FRANKFURY
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0 1 2 3 4 5 6 7 8 9 10 11 12

Time after inhalation [h]

For Forensic Use

JWH-018
: f\
: W
2
>
o]
<
At 3 weeks kBase/ine 2 of #7
)
)
At 4 weeks J/\Baseline 2 of #6
Baseline 1 samples
I I I I I I I I I
58 6 6.2 64 66 68 7 72 74

Retention time [min]
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Baseline serum®: metabolites

5- & 4-HO-pentyl-
JWH-018

Abundance

JWH-018 pentanoic acid

At 20 days

At 31 days

M/V\WAA/LLA/V\AA}\’LA.”\J\AAA_,/\AAA’\AM_A_/‘\_JA Baseline

A/\ M oA A\ A sample

» Baseline
e e

1 T 1 1 T T T T T T T T 1 [ B
1.2 1.4 1.6 1.8 2 2.2 2.4 1 12 14 16 18 2 22 24126 28

Retention time [min]

For Forensic Use
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,Baseline urine®: samples also positive

JWH-018 pentanoic acid

(no other metabolites)

Abundance

Hydroxy-keto-
metabolite ?

~— 2 weeks later (prior to placebo)

m&::: 3 weeks later (prior to 3 mg condition)

M’:"M First urine sample (prior to 2 mg condition)

T T T T T T T T T T
1 12 14 16 18 2 22 24 26 28

Retention time [min]

c.f. Hegstad et al. (2015) J Anal Toxicol

For Forensic Use
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Main study results

JWH-018 and 6 metabolites in serum

= No JWH-018, but 13 glucuronidated metabolites excreted in urine,
main target is the pentanoic acid (+ hydroxy-keto-metabolite)

= Multi-compartement kinetics in serum and OF
= Similar to THC
= Shorter detection time in OF We thank for financial support

- European Union

Bund gegen Alkohol und

* Prolonged elimination
— accumulation probable @ Drogen im Stral3enverkehr
- (B.A.D.S.)

= lasting effects or tolerance

Part of PREDICT (www.predictnps.eu)

For Forensic Use
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Collaborators

=  Team at Maastricht, The Netherlands
Johannes G. Ramaekers, Eef L. Theunissen, Nadia R.P.W. Hutten, Natasha L. Mason,
Kim P.C. Kuypers, Eliza B. de Sousa Fernandes Perna

» Team at Frankfurt/Main, Germany
Anna Geraths, Werner Pogoda, Alexander Paulke, Cora Wunder, Stefan W. Toennes

= Publications

(0]

» Further studies are in progress ...
For Forensic Use

Theunissen Hutten. Mason, Toennes, Kuypers, Sousa Fernandes Perna, Ramaekers (2018)
Neurocognition and subjective experience following acute doses of the synthetic cannabinoid JWH-018:
a phase 1, placebo-controlled, pilot study. Br. J. Pharmacol. 175: 18-28

Toennes, Geraths, Pogoda, Paulke, Wunder, Theunissen, Ramaekers (2018)
Pharmacokinetic Properties of the synthetic cannabinoid JWH-018 in oral fluid after inhalation.
Drug. Test. Anal. 10: 644-650.

Toennes, Geraths, Pogoda, Paulke, Wunder, Theunissen, Ramaekers (2017)
Excretion of metabolites of the synthetic cannabinoid JWH-018 in urine after controlled inhalation.
J. Pharm. Biomed. Anal. 150: 162-168

Toennes, Geraths, Pogoda, Paulke, Wunder, Theunissen, Ramaekers (2017)
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Educational study results

What else did we learn from the study ?

Staff & scientists: analytical procedures

 Liquid-liquid extraction of parent together with metabolites
« Impression of sensitivity of LC-MS/MS procedure

e Oral fluid collection device:

usability, analysis procedure, sensitivity, stability

Forensic toxicologists / scientists

* Pharmacokinetics, especially inter-individual variability
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Rechtsmedizin Frankfurt am Main
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Conclusion

Key elements of forensic expertise (in Germany) are ...
... availability of complementary analytical instruments,
... Intelligent/efficient usage of [imited ressources,
... competent staff and forensic-toxicological experts,

... Increase in competence by teaching and research.
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