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Simultaneous Analysis of Six Synthetic Cannabinoids in Hair by
Liquid Chromatography—Electrospray Ion Trap Mass Spectrometry
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Abstract; As the substitutes of cannabis, synthetic cannabinoids are widely abused as the typical category of the 3" abused
drugs, which has aroused widespread concern of the society. The harm of abusing of synthetic cannabinoids are increasing
day by day. In this paper, an approach for the simultaneous analysis of new psychoactive substances in hair by liquid
chromatography—electrospray ion trap mass spectrometry has been established and applied to the qualitative and quantitative
analysis of 6 synthetic cannabinoids, including JWH-073, MAM-2201, JWH-015, JWH-203, JWH-018 and JWH-
007. The hair sample was cut and cleaned, and then ultrasonic extracted with methanol. Linear calibration curves showed a
good linearity in the range 3~200 ng/mg, with coefficients of greater than 0.990 1, the limit of quantification was less than
3 ng/mg, the limit of detection was less than 1 ng/mg, the precisions were less than 9.99%, and the recoveries from

spiked hair samples varied from 90.69% to 97.88%. The experimental results showed that the analytical strategy could
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provide scientific basis and evidence support for the identification, detection and litigation of drug—related cases.

Key words: forensic toxicology ; synthetic cannabinoid ; hair;liquid chromatography—mass spectrometry ;ion tap
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Table 1 Chemical structures of six synthetic cannabinoids
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4 JWH-203 (-G R R C, H,,CINO 339.86  864445-54-5
U T

1= -3~ O
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Table 2 Experimental parameters of six synthetic cannabinoids

L L BREHEL/min [M+1]" M/MS us
/(m/z) /(m/z) /(m/z)

1 JWH-073 6.03 328.3 155.0 127.0

2 MAM-2201 6.55 374.3 169.1 141.1
3 JWH-015 7.13 328.3 155.0 127.0
4 JWH-203 8.29 340.3 188.2 132.1
5 JWH-018 9.40 342.3 155.0 127.0
6 JWH-007 10.75 356.3 155.0 127.0
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Fig.1 Chromatograms of six synthetic cannabinoids
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ALFRE AT AR B R O, BERE L EERE 3 R 15 F
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B AHRE A8 -y e T AR (V) S AR bR, AT 2t [
IH, WA TR R4 B B TAEMZR 7 RE S A e R AL,
G5 TR 3. lER 3 FIA, SRS 1 R
KB 6 TG il KRR 28 FEH0RG S MR o,
JF R e BEAE 3 ~ 200 ng/mg 2 ] HAG R 6 A £k 1

VMG ME L SE T 3 MbnifE, 1R 2 B RS
JWH-073 MAM-2201 JWH-015 JWH-203 JWH-
018 JWH-007 55 6 B i KRR 22 W0 HE PSP
J BB A H BRI T 1 ng/mg. [RIRE, LAME MR & T
10 M br i, T2 4 B9 W e & R T
3 ng/mg, 45 UN3K 3 g
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Table 3 Quantitative analysis results of six synthetic cannabinoids in hair with LC-MS

e o v FAR AL FE PR H PR
/(R) /(ng/mg) /(ng/mg)
1 JWH-073 Y=176X+241.59 0.990 1 2 0.7
2 MAM-2201 Y=908X+138.52 0.993 6 1 0.3
3 JWH-015 Y=150X+140.57 0.991 6 2 0.7
4 JWH-203 Y=581X+146.13 0.994 5 2 0.7
5 JWH-018 Y=144X+1 150.6 0.994 7 3 1.0
6 JWH-007 Y=144X+49.541 0.999 8 1 0.3

S8 9LV 0 9 FE K 550,200 ng/mg 119
JWH-073 MAM-2201 JWH-015 . JWH-203 . JWH-
018 JWH=-007 % 6 it & WL K I 2 2 H0RE M0 35 #:40)
TR bR 4% 3 0, B IR 147 TR 7 sk A7

B SR IBOB 3 R 3 A, AR A 2 P A 5 RS
ML P w3 AR EE XS N H RS R LT
6.81% . JELARI E 3 K, 1154 2 H A0S % 5, 1K
T 9.99%. [AIA BB B 5,50 ,200 ng/mg 1Y 6
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Table 4 Precisions and recoveries of six synthetic cannabinoids in hair with LC-MS
s . LRI H PR F 25 BT %
/(ng/mg) /% /% /%
1 JWH-073 5 0.83 5.27 92.52
50 0.65 6.48 94.38
200 1.34 5.31 91.89
2 MAM-2201 5 2.71 5.11 94.27
50 1.89 4.47 91.53
200 2.37 5.02 93.78
3 JWH-015 5 4.95 6.42 90.69
50 4.71 6.19 95.85
200 3.83 5.86 96.31
4 JWH-203 5 6.81 7.99 91.52
50 6.41 7.93 92.46
200 5.93 6.82 94.62
5 JWH-018 5 2.95 4.05 92.42
50 2.34 3.97 94.95
200 1.83 3.58 96.71
6 JWH-007 5 1.05 8.74 90.82
50 0.18 9.99 97.88
200 1.53 8.98 93.61

2.5 EpBINA

2019 4F 8 H 16 H XX T4 Jry Ak 57 BA R
PR BE N ok XX, 78 H 5 b ] BEAH ) i
A2 A% B A SCHEE S O I, 7R R K R
MAM-2201 /843, 765K XX &4 ks iz sy, i
HEIRIE N 16 ng/mg, Kl 25 50 HFGH 50 & 8 5
TR IAE SR TR AR .

3 &g

ARSCES G R OO 3 3 A 53 B ASOR T
R & J P B 4 L, L T B AR R JWH -
073 .MAM-2201 ,JWH-015 . JWH-203  JWH-018
TWH-007 25 6 Fh & B R IR 38 B0 A 5 4 o 1Y
O (03 - HLIBE 55 8 1 Bk I I 1 L 2 A A

T WIS R R, BAMEG T 6 M B G W)
Bk ETE 3 ~200 ng/mg Z 8] HA B IRy M0
R, RT3 ng/mg, K HBRAET 1 ng/mg, FHXT
PRUE D 22 7 T+ 9.99% , 4 B 1 % 2 90. 69% ~
97.88%. FTHINL YT, B il Ak R A A R A
R Rk . O N TR i A
JUAR SRS E Sy B il i L ARAT N Y IAE
PRAL T RF2E AR U8B HE T ) T BR R W 2 I A
& TAEREOR  BA —E S PE.

SENW:

[ 1] REL, #hd. i edoR[M]. dbat. hEAR
N A, 2015, [ WU Yu-hong, ZHONG
Yan. Anti —drug chemistry technology [ M ]. Beijing:



3

FERIRE 45 R il - B35 2 1 B I A B K 6 Bl BRI R 177

(2]

[3]

[ 4]

[5]

[ 6]

(7]

[ 8]

People“s Public Security University of China Press,
2015.]

PEHEAR, BT8R, B MG PE B o e T M)
A PEARAZ R L, 20130 [HUA Zhen-
dong, JIA Wei. Handbook of new psychoactive
substances analysis [ M |. Beijing: People “s Public
Security University of China Press, 2013. ]

R, HORIR, RN, RIE, skar, TERR, B
SR, AR AR. SO R - A S v o I P
SRS ORRER [T AR 5108, 2012,
18(4): 197-203. [ WU Zhong—ping, ZHENG Shui-
qing, YAN Song—mao, DONG Guo—qing, ZHANG Li,
WANG Rong, LIANG Chen, ZHANG Run - sheng.
Rapid identification of synthetic cannabinoids by GC/
MS with accurate mass measurement| J ]. Analysis and
Testing Technology and Instruments, 2012, 18 (4) .
197-203.]

ML, EARIT, TRZ ML G R IRR 3R B i v
YIRS Ik ST [T ], A5 AR, 2017, 80
(4): 334-340. [ LIN Kuan, WANG Ji—fen, XU Duo-
qi. Research progress in methods for determination of
synthetic cannabinoids[ J]. Chemistry Bulletin, 2017,
80(4): 334-340.]

TR W], WOAH €3 — o3 R 0 1 D0 R A R b 6
MEBRIRER[T]. B S (feaz a0l , 2017, 53
(11): 1291 - 1295. [ XU Xiu—ming. LC-MS/MS
determination of 6 synthetic cannabinoids in plant
sample[ J]. Physical Testing and Chemical Analysis
Part B: Chemical Analysis, 2017, 53 (11). 1291 -

1295.]
MTE, TRy, BEWL, 2B, K. HEsor

AR BRI BT ER A 3 4l =B ORRRR [)].
SAHTI A, 2017, 36(8) : 894-899. [ LIN Kuan,
WANG Ji—fen, LV Yi—fan, XU Duo—qi, ZHANG Lei-
ping. Determination of synthetic cannabinoids in blood
by UPLC/MS/MS [ J]. Chinese Journal of Analysis
Laboratory, 2017, 36(8) ; 894-899. ]

AR o AACHRORH €5 3% R 0BG 5 B AR A B AR =
T WA RRRR (D], P EARA %KY, 2018.
[ LIN Kuan. Determination of three common synthetic
cannabinoids in body fluids by ultra—performance liquid
chromatography—tandem mass spectrometry [ D ]. People’s
Public Security University of China Press, 2018. ]
AR, I, EEE, BLEE, 2T, TIRE.
FORBRER JWH=250 14 i BCHHR €38 53 A7 05 125 40
FELI]. AR, 2015, 40(5) : 396-399. [ MIAO
Cui-ying, QIU Zhi—-yuan, ZHAI Wan—feng, WEI Wei,

[9]

[10]

[11]

[12]

[13]

[14]

[15]

QUAN Xue —feng, WANG Zhao—yu. Determination of
synthetic cannabinoid JWH — 250 by HPLC [ J].
Forensic Science and Technology, 2015, 40(5) ; 396-
399.]

P, skBE, X1 FF, 5KRB. DART-MS/MS Pk
R ML Y 3 Fh S B RRER [T]. b ik B oy 2
&, 2017, 32(4): 388-392. [ MIN Tao, ZHANG
Ying, LIU Shao - dan, ZHANG Da - ming. Rapid
screening of 3 synthetic cannabinoids in blood by direct
analysis in real time mass spectrometry [ J ]. Chinese
Journal of Forensic Medicine, 2017, 32 (4). 388 -
392.]

Bl , b, AR, UM G35 - B i vk )
IFE 8 A MR RRER [T]. ok R 2K,
2015, 30(1): 1-4. [ QIAN Zhen—hua, QIAO Hong-
wei, HUA Zhen — dong. Determination of 8 synthetic
cannabinoids by gas chromatography—mass spectrometry
[J]. Chinese Journal of Forensic Medicine, 2015, 30
(1): 1-4.]

TR F5 W WRORH €03 — e IR SO A M 5 R R R
MAM=-2201[J]. " [ wlL %5, 2019, 102(1) : 31-
34. [ XU Xiu-ming. Detection of synthetic cannabinoid
MAM-2201 by LC-MS/MS[ J]. Chinese Journal of
Forensic Medicine, 2019, 102(1) : 31-34.]
Akamatsu S, Mitsuhashi T. MEKC — MS/MS method
using a volatile surfactant for the simultaneous
determination of 12 synthetic cannabinoids| J]. Journal
of Separation Science, 2014, 37(3) . 304-307.

B, B, BER, B, mRA. R
AR E AL R SR B ARTERE W e R [T].
FIZEH AR, 2017, 42(4) : 312-323. [ LI Peng, ZHAO
Yang, ZHAO Yan-biao, YANG Hong—xian, GAO Li-
sheng. NMR and qNMR for drug analysis[ J ]. Forensic
Science and Technology, 2017, 42(4) ; 312-323.]
Simolka K, Lindigkeit R, Schiebel H M, Uli Papke U,
Ernst L, Beuerle T. Analysis of synthetic cannabinoids
in spice—like herbal highs: snapshot of the German
2011[7J].
Bioanalytical Chemistry, 2012, 404(1) . 157-171.
B, IRZEL, EA4SF, WA, vEW, T
et SRR €0 3 — 3 R o 135 1 A 6 B A v P R R
RE 1], BRAROoR 5 TR, 2019, 19(28) : 30-34.
[ LI Chao,XU Duo—-qi, WANG Ji—fen, QIN Shi-yang,
XIN Guo-bin, WANG Yan-yan. Determination of two

market in  summer Analytical  and

synthetic cannabinoids in hair by high performance
liquid chromatography —tandem mass spectrometry [ J].

Science Technology and Engineering, 2019, 19(28) .



178 TR A 53 526 %
30-34.] chromatography— mass spectrometry [ J ]. Chinese
[16] Wi BROMTREMMNH[M]. b5, BlEgoRE Journal of Pharmaceutical Analysis, 2015, 35 (2):
f4t, 2010. [ SHEN Min. Basic and application of hair 311-316.]
analysis[ M ]. Beijing: Science and Technology Press, [19] BT, skxlg, Rk, HeL, XDEEE, XRSE. 4
2010.] L5 4 R R AR ). A 22
[17] P, ek, w5 S0 WA s - Bk o FHE R 24 7, 2020, 6: 677-681. [ XU En—yu, ZHANG Yun-
YR AT RN [ M. B B F AR R feng, SONG Ge, JIANG Rui, LIU Guang-gin, LIU
#t, 2009. [ XIANG Ping, SHEN Min, ZHUO Xian-yi. Jun—ting. Rapid identification of four new synthetic
Application of LC-MS in the analysis of medicines and cannabinoids in whole blood [ J]. Journal of Forensic
drugs[ M ]. Shanghai: Science and Technology Press, Medicine, 2020, 6. 677-681. ]
2009. ] [20]  RFFW]. AR € — o I o 3% i A DU R 2 55
(18] BRI, skis. WOM (g — H I B 00 7 Sl 259 TRIG IR R [T]. AR, 2019,44(2) : 132~
MDPV N HACE#I[J]. 254 Hr ik, 2015, 35 135. [ XU Xiu-ming. Detecting synthetic cannabinoids
(2): 311-316. [ CHEN Xue — guo, ZHANG Ting. in novel drugs by HPLC-MS[ J]. Forensic Science and
Simultaneous analysis of designer drug methylenedioxy— Technology, 2019, 44(2) . 132-135.]
pyrovalerone and its  metabolites by  liquid
=

w2 B S BE LG RHIIEAE BB, S e e LA AT T AR R B T v [ 2 B )

22N o3 e o A I L FCE

Wb 55 Jea e by o B RL A e S5 PR DR BB 5 W 55 Jma ™ Dt v R B 1T RV 55 Jes 1 T G < o [ R

TP IEAE HH A 0T E A 5 AR 1 ZE I 57 iy JEOR 18 v [l o B 22 JH A= 4 BRI 5

PR S IR 1 AR S, Rp e T

Jir R ERREBE RIS SR R B 22 M o3 e o A o AR B O o [ERR A B 22 N A
TR R ERR A B AR B S W 55 SR

(SFHTMCHR 5 78)
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