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i OE: BM ZZ LT FILERRIRE E AN ) R0 AR & 2R AR &% - # BK R 3 (ultra—high
performance liquid chromatography—tandem mass spectrometry , UPLC-MS/MS)®| & 7 i%., Fik #20mg£
Z AN mL WAR T BRIk, BB AR R BUG 3B 22 ACQUITY UPLC HSS T:A (100 mmx2.1 mm,
1.8 wm) 4 A48 A A & 20 mmol/L TR 4% .0.1% F BR 5% Lk 09 K% A S AR B A T, R vk %
BFREBFHEN,ESREEMNBEXTREHE, SR LERATFTHERXAREZERYRELSGEARTLR
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Analysis and Application of Seven Common New Psychoactive Substances of Syn-
thetic Cannabinoids in Hair
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Abstract: Objective To establish a detection method for common new psychoactive substances of syn-
thetic cannabinoids in hair with ultra—high performance liquid chromatography—tandem mass spectrome-
try (UPLC-MS/MS). Methods In the 1 mL of internal standard methanol solution, 20 mg hair was added.
After cryogenic grinding and ultrasonic extraction, the extract was separated by ACQUITY UPLC HSS
T; column (100 mmx2.1 mm, 1.8 um). The mobile phase A was aqueous solution that composed of
20 mmol/L ammonium acetate, 0.1% formic acid, and 5% acetonitrile. The mobile phase B was acetoni-
trile. Electrospray ionization source in positive ion mode was used for data acquisition in multi-reac-
tion monitoring (MRM) mode. Results The seven common new psychoactive substances of synthetic
cannabinoids in hair had a good linear relationship within their respective linear ranges (7>0.99), the
limits of detection were 0.5-2 pg/mg, the limits of quantification were 1-5 pg/mg, the intra—day and
inter—day precisions were 0.1%-12.6%, the intra—day and inter—day accuracies were 89.2%—110.7%,
the recovery rates were 52.3%-93.3%, and the matrix effects were 19.1%-95.2%. Conclusion The es-
tablished method has a simple sample preparation process and high sensitivity. It is suitable for qualita-
tive and quantitative analysis of common new psychoactive substances of synthetic cannabinoids in hair.
Keywords: forensic medicine; toxicological analysis; ultra— high performance liquid chromatography
(UPLC); tandem mass spectrometry; new psychoactive substance; synthetic cannabinoid; 4F-MDMB-
BUTINACA; hair
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5L T2 F R (AF-MDMB-BUTINACA ) % 7 Fi 5 iR
JiR 25 2B R # G PE ) 5 (new psychoactive substance,
NPS). SHBtRImF, & BRRRER M AREY K, dt 2
Yy il S 2O 2k P R e T RO, X R
R B A R R e 4 R T A R B

A B RR 2R 28 NPS J2& NPS #5346 £ 1 3 S 1
M —R bGP A YR AL SRR i U SRR
I ( A’~tetrahydrocannabinol , A°~THC) i 28 {14 , H
TSR A% AT R S P iR T LS B R D
VE AL B3 ah B B AU A ORI ZR ZE NPS Y
YEFZ T e THC 38, H 5 KR 3R 32 14 1 (cannabinoid
receptor 1, CB,) .CB, 45 45 19 2% F Jj It THC % 80~
100 A5, W TG MORIBR 3R 23 Hh 903k 2 MKt RS Al b
P2 B A5 RO, i R R R = A
SRR LT

XF T MUK RR R 28 NPS i i %5 5 AT o 3 B
2 2 R M U Y B OR . A Y A X A
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PR, A 50 15 7 A S TR 5 ) s 80 A (3% — AR TR
Jii 3% (ultra—high performance liquid chromatography—
tandem mass spectrometry, UPLC—MS/MS) J5 ¥ [7] Hif
5E 1 7E E & rf AF-MDMB-BUTINACA % 7 # 3¢
LA BRI R ZENPS, I R I F 52 bR 61

bR ik

1.1 FENESAHA
QTRAP 6500+ = VUM FT 2% 2 7 B &2 & Tt 1%
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4 (K E AB Sciex 24 A ) L £ Acquity™ Ultra per-
formance LC 1-CLASS 8 =0 A (1% (3£ [ Waters
Iy ), SB=2200-T 8 7 I 3 YA CHEII T 3 B T ik
FARAT]) , IXFSTPRP-CLN ¥ ZR B EAY (|1 e fE
S K JRABRAE] ), XW-80A HEW IR A 75 (i ERE
KEALAR T ), MiniSpin il 7 5.0 HL (12 [F] Eppendorf
3 E]) , BSA124S HLF K P [ 38 2 Rl B2 A8 (A 5T)
AR FE T 0.22 um P8I [ [E 245 48 A1 Ak 20 A
PR H] .

2—-[1-(5- 3 IR % ) — LH- 5] W - 3— HT i 4 -3,
3— 1 BT R F S (SF-MDMB-PICA ) . 4F-MDMB-
BUTINACA | 1-(5- 3% KL ) - N-(2- R BN -2- 3% ) -
1H-"5]mk—3—F i e (SF-CUMYL-PINACA ,SGT-25) .
3,3- W -2-[1-(4- 1M — 155 ) — 1 H— 15| e —3— H
Bk & ) T 2§ fiE (MDMB-4en— PINACA , MDMB-
PENINACA) .3,3- " H 3£-2-[1-(5- % 5 ) mg| mp—3—-
FH 5k 22 35 T 2 B 16 (SF-ADB, SF-MDMB-PINACA ) .
3,3- W 21— (4-380 T 2% ) | W3- HI Bk 2 55 T
i 1 i (AF—~MDMB-BICA ,4—fluoro-MDMB-BUTICA ) ,
1-(4—F 3 T 3 ) -N—- (2R FE PN 23 ) - | H—P5| g —3—
FH Bt iz (ACN-CUMYL-BUTINACA ,SGT-78,CUMYL-
4CN-BINACA ,4CN-CUMYL-BINACA , CUMYL-CB-
PINACA,CUMYL-CYBINACA)X} I8 5t [ 35 [ Cayman
oyl bR N= (14 M BE JE ) — 11— 73 356 mg| ns — 3— HH ik
Jtie—do( APINACA—do, AKB48~d,) X & 51 11 [ 26 [ Globio
v ], R (fa Al F i (i 4l 1 1 26 [ Sigma-—
Aldrich 22w , 98% W R 1 TR F1 98 %0 £ TR Bl v Y W) 1) i
+ Fluka 28 7], 8 26 7K i Milli-Q Advantage A10 40
7K 2 45 (5 [ Millipore 23 & ) il % o
1.2 kREARESH

B 7 A UK PR 28 NPS K 4 b xod B8 5 3 &,
T TRE ) G J5 R BE A 1 m/mlL 9 A 40 S5 i 4%
W, BT UKAA T URORAE o 7 HHY st ) o ot v
1 we/mL 55 7 Rl KRR 25 26 NPS TR G I,
Wi Fr PR P s R i B i e 5 4 200, 100,50 .25 .10 F1
5ng/mL IR G TAER W . # 1 mg/mL 1 NARGE 25 W]
P P B AT VA 3 N 0.4 ng/m L F AR T AR IR o
A T AR WAE A R T34 BT =20 COkAR IR A7
1.3 EXHMEFRILE

25 1B & AR R R AE A 10 45 J0 W7 S A0 e B R
TR LSS, FHFER325% ), 1 THl &R OE
Hh 28 F1 5 12 2 il (quality control, QC) #£ it o SEFR
191 1) 6 R it B B ARL 5 R PR 3 2 o f FH #7

W B B AR AR U 25 85 T /K ORI TR B 4538 8 2 1K
FIR T TR SR JE BT U1K B R AR BT K 1~2 mm
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Bt . FRELE & 20 mg it A 2 mL AF B8 4 w0 i A
0.4 ng/mL APINACA-d, iy AR TAE#E ML 1 mL, 7E 4 °C
THHE R RS . B SRR E B 6 m/s, ifF B B
[8] 20 s, i ) (0] 40 s, A ER 107K o BFBE 5 A9 AL R
10 min Ji5 LA 14 104xg 250> 5 min, 3, 32 0.22 pm
DRI, B A AR 2T
1.4 UEE&HG
1.4.1 &350

3% 4% 4 ACQUITY UPLC HSS Ts#F (100 mmXx
2.1 mm, 1.8 wm; 3 E Waters A ) ) . Wl AR
20 mmol/L Z, & % .0.1% H 2 1 5% & W& 1) 7K %5 W, I
BB O o R FHZ M B VE AR T < 0~1 min,
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50% B;1~6 min, & PE3E 1 5 90% B; 6~9 min, R 47
90% B;9~9.1 min, [ 2| ¥]14f 50% B;9.1~10 min, fr+F
50% B. P 0.3 mL/min, 51817 HFE] 10 min, gEEE (A
5 L.
1.42 Frigfp
K FH HL 1 55 25 F- Ui (electrospray ionization , ESI)

B 7R 22 O W (multiple reaction moni-
toring, MRM) 8 =X T SR A2 4 dls . ESIZ 4 & 0 -
B URIEE 500 °C; AT A(N,) 18 psi; & T Wt S HL
5000V, Al fiE % H I HEE 10V AT E 10 V; B 7R
SMT(GST) 40psi, B FIRMA2(GS2) 35psic MRM
SRR B AN 1R .

R 1 GRKHKEZINPS FHIRE MRM £ EF04% BB 18

Tab. 1 MRM parameters and retention times for synthetic cannabinoids NPS and internal standard substance

R FEHET(mlz)  FTEFT(nk)  EHEBEN  #IERE/EV ARG E/min

5F-MDMB-PICA 377.2 232.2" 50 25 4.45
144.0 50 55

4F-MDMB-BUTINACA 364.1 219" 60 34 4.70
304 60 20

SF-CUMYL-PINACA 368.2 233.1V 40 25 5.37
213.1 40 40

MDMB-4en-PINACA 358.5 213.1" 45 31 5.84
298.2 45 20

5F-ADB 378.2 233.1" 70 31 5.16
145.0 70 57

4F-MDMB-BICA 363.2 218.2" 52 20 4.01
144.2 52 55

4CN-CUMYL-BUTINACA 361.2 226.1" 60 28 4.12
243.1 60 17

APINACA-d, 375.3 135.0” 50 30 8.63
107.1 50 67

EDAREE T,

1.5 FiEFWIE
1.5.1 45 H

W10 A R R 25 B &R i, o3 iR B 1.3 75
HEATHE ST AL B, 25 48 6 R it b i IR ) 5T K I
bR T2 B e e
1.5.2 £k Ao R fe T SR

PRI 20 mg 25 1B ARl A S OR R 3R B H
AR 04 TR 5 A T T T, T A B B 1,25
10.20.50. 100 F1 200 pg/mg B hN b & & FE &, e 1R
1395 FE S AL B 5 sl A e o LAREAS 20 BT 1 o
T BCR AR () , DLE B B 1 X5 bR Y 04 T AR
Fe R AR AR (y ), LUINAL S5/ — 36 v (W=1/x ) #E 47 [3]
25 S B LRt RE . DAE MR HE (S/N) =3 K H FR
(limit of detection, LOD) , DA S/N>10 K 7€ & BR (limit
of quantitation,LOQ) .

1.5.3 ¥ & B Ao e 51 L

PRI 20 mg %5 1B R AE &, A B BRI R B 3L
ARG 1) TR B A 1A V5, T 1 B AL 6 LOQ 78 P 1 44>
J AT B QC BE &, AV BE 0 ) 28 6 AT AR
P B3 AT AR S AT AL I S 4 d. K
B FHAH F #5722 (relative standard deviation , RSD)
KAl . et Ty R TR B I (E S S RS AR i
T i 1 B R A B0 B F O HER B . SR QC R Fh )
% B (RSD) A M3 15% , LOQ #E & B kS %5 2 (RSD)
AN T 209%™ QC KR i (14 1 6 BE 7E 85%~115% ,1.0Q
il B T 2 E 809%0~120%
1.5.4 R 20 Fof BRI 5

R MATUSZEWSKI 45 %145 H 1) 7 v 25 48 3L i
RS N B [RT A 3R R RGN o SR B R B T
B GR AR . VEHUALHE LOQ 16 N 1Y 44 T i 20 B
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QC A &b, I A5 422 B8 1.3 77 Jy 32 A 3 5 0F e 118 0 T AR
(A), 25 FURE i B 1.3 799 7 9 b 3L I A AH 7 Jo ot )
B TR A b TR VS V2R R 194 08 TR R () AR A A A V1Y
WETH AR (C) , F BIC 53 By , I A/B 155 $2 B I
gz
1.5.5 #2 M

PRI 20 mg 45 1B AR df A B IR RR 2 1 TR
B bR ETE R, 0 )AL 5 LOQ 78 N Y 4 4 B 43 B
QC B, BEAN M s 1 45 6 AT RE S F5 I8 1.3 95 7
LT RE AT AL I K B IO A A AR 4 °CIY F sh ERE
w24 .48 72 h, B EEH WA UK R R 28 NPSTE 2K
BRI ENE  IRATTEL15% A, AT AR L FAAE
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GRS HE

2.1 HERIIE
2.1.1 S

10 13 AS [A] R 5 19 25 1 B & FF b 26 4 5 i Ak 2
J& S AERFIN G5 BT 0 0T 1 1) O B B 1) 42 22 5 N P T4
DA K AR 4, I 2k B A R R AT
2.1.2 & LOD 4= LOQ

2 43 BT ¥ 1Y 2 vk FL L LOD AT LOQ L 3K 2
R, &M AE L S B N e R R, M
KRB (r) ¥R T 0.99,L0D £ 0.5~2 pg/mg, LOQ £ 1~
5 pg/mg (3 B UL 1), W LA A2 45 5 S B 1) 75 2K o

2

+
oélil

x2 BEAPTHERKKRENLE.LODFILOQ
Tab. 2 The linearity, LOD and LOQ of 7 synthetic cannabinoids in human hair

507 4 LA/ (pg-mg™) )2 T AR #k £ (r) LOD/(pg-mg') LOQ/(pg-mg")
5F-MDMB-PICA 1~200 y=0.07073 x+0.017 86 0.999 0.5 1
4F-MDMB-BUTINACA 1~200 y=0.09150x+0.027 97 0.998 0.5 1
SF-CUMYL-PINACA 1~200 ¥=0.043 02 x+0.048 91 0.995 0.5 1
MDMB-4en—-PINACA 1~200 ¥=0.062 42 x+0.001 46 0.996 0.5 1
5F-ADB 1~200 ¥=0.095 88 x+0.015 69 0.996 0.5 1
4F-MDMB-BICA 1~200 y=0.039 44 x+0.008 67 0.996 0.5 1
4CN-CUMYL-BUTINACA 5~200 y=0.022 93 x+0.049 46 0.996 2 5

Eiy AT EE BT S AR R AL x AT A ST 0 R E 4K
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A :5F-MDMB-PICA ; B: 4F-MDMB-BUTINACA ; C: 5F-CUMYL-PINACA ; D: 4CN-CUMYL-BUTINACA ; E: 4F-MDMB-BICA ;

F:5F-ADB;G:MDMB-4en—-PINACA,

B 1 7A A KR E AR E T &35 B (LOQ)

Fig. 1

2.1.3 A E B Ao e o B

253 AT ) )R R R A BE L3R 3. IR
HNAS % 8 0.1%~10.9% , H N HEH# N 89.2% ~
110.7% , H 18] K5 % B R 2.5%~12.6% , H [6] #E i £ hy
94.5%~105.7% . K % FE¥IHE 15% LA N, E 1 B 3 7
85%~115% , 3 W2 77 15 IR RS %% B RN E A 14 R 4T
2.1.4 FRECECEFo LR A

AR 5 v B B B IR AR A S N UL 3. &5

Extracted ion chromatograms of 7 synthetic cannabinoids (LOQ)

Mr 4 A 452 B[ 0 R O 52.3%~93.3% , ¥ KT 50% .
FE TR N 19.1%~95.2% , HiH SF-MDMB-PICA 4F-
MDMB-BICA 7E 5 % 58 5 H 7™ Az 25 -4 i), H L B &k
7 71 R 19.1%~49.9% , HoAth 5 b ) 52 55 SR 5% i)
BN,

R AH G SCHR 38, 76 B R SE T A BRI &
FE NPSAETE B F MG, 43471 1y 0% 56 TS0 580 07 A2 Ve
A RN 3 L Y - e (i B A P S

=74
o
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MM B AL B P A R R 2 215 REE

P Ak T 59 5% 1 , 5SF~-MDMB-PICA .4F-MDMB-BICA B REES S AR IBUS 16 4 CE& 1T ARAE 24 .48 Hil
BB PR AR X BN, Al A BT Wy B AR X AR R . SF= 72 h B D 14 43 51 R 91.6%~111.8% . 94.1%~112.7% Fl
MDMB-PICA . 4F-MDMB-BICA & FLRCREFEM, 5 91.1%~1133%(F£4) , LK M7 2 BUR 2 e
BT PR

R3 EXDPTHERKKRENEEE GEMRE . B ZRNE TR
Tab. 3 The precision, accuracy, recovery rate and matrix effect of 7 synthetic cannabinoids in human hair

(%)

. . R B N L
A TRE I pgeme) R W (2d) B A (nm6) B A (nd) DT R
5F-MDMB-PICA 1 6.6 5.8 105.0 98.8 725 23.0
5 12 25 102.6 100.9 78.1 19.7
50 40 49 99.8 101.3 91.8 19.1
150 2.8 5.6 99.4 96.8 93.3 202
4F-MDMB-BUTINACA 1 0.1 12.6 110.7 102.4 64.3 80.3
5 1.4 5.7 98.8 102.8 68.2 80.6
50 47 6.9 92.0 99.4 61.5 82.8
150 0.8 6.0 94.4 98.9 61.2 84.6
5F-CUMYL-PINACA 1 1.5 10.1 102.1 100.9 61.1 79.8
5 3.1 6.4 109.4 99.9 523 81.2
50 1.7 9.2 89.2 98.1 59.7 80.9
150 44 6.3 97.9 99.0 582 74.8
MDMB-4en-PINACA 1 0.4 76 107.6 103.7 63.4 79.7
5 10.9 112 101.8 102.5 69.7 67.0
50 45 10.7 975 94.5 61.2 74.0
150 2.8 6.9 99.8 100.9 60.8 68.0
5F-ADB 1 17 12.4 103.2 99.9 68.7 86.9
5 40 72 99.5 105.7 76.3 95.2
50 0.1 6.7 97.4 97.1 727 94.0
150 3.0 6.8 93.1 99.5 70.2 86.8
AF-MDMB-BICA 1 1.6 8.9 975 104.2 62.4 49.8
5 1.6 6.5 102.2 103.1 65.8 49.9
50 1.4 6.9 102.4 96.8 64.7 443
150 03 4.1 99.2 98.7 60.4 422
4CN-CUMYL-BUTINACA 5 55 10.3 94.9 102.0 78.3 77.1
20 03 77 100.6 99.6 57.6 63.3
50 5.6 5.9 102.0 96.2 50.3 66.8
150 13 43 96.3 96.6 56.4 702

®4 BERTHERKFENRE M (FHf)

Tab. 4 The stability of 7 synthetic cannabinoids in human hair (bias) (n=6,%)
L
AT IR 5 # (pgeme) o 4%4;?2 & o
SF-MDMB-PICA 1 100.6 100.8 105.0
10 100.2 99.2 100.8
50 99.7 100.4 99.1
150 100.3 99.8 101.0
4F-MDMB-BUTINACA 1 109.5 96.2 104.2
5 97.5 101.3 106.8
50 98.2 107.2 113.3

150 97.2 101.3 98.9
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Continued Tab. 4
peTen JE e (pgeme) — AL —
SF-CUMYL-PINACA 1 101.2 98.9 104.0
5 98.5 104.4 106.5
50 102.0 97.9 924
150 99.5 108.1 91.1
MDMB-4en-PINACA 1 111.8 107.6 108.4
5 101.9 104.2 101.4
50 93.8 94.1 99.7
150 102.7 112.7 103.6
SF-ADB 1 98.9 96.9 106.0
5 100.6 102.8 98.4
50 98.1 99.3 104.3
150 101.4 103.7 99.9
4F-MDMB-BICA 1 102.3 108.2 103.9
5 101.0 103.6 99.3
50 98.7 107.8 100.9
150 100.3 103.4 101.0
4CN-CUMYL-BUTINACA 5 104.5 100.8 97.2
20 91.6 98.5 103.5
50 100.1 98.5 96.8
150 97.0 103.8 99.9

2.2 RBIRFA

HAESHW, EX (&, 20 8 ) TESILM AR &
J& R RS EAR IR T— BRI T o B8 T, Bk
P22 RN 5 — T ) 0 59 A — R e R SR IR
BAEFML A0 T o TR B AR R, TR LA A
FBRIRET, Z 5 B2 AR EkAE T . b T T4
TR BRI B A B BICAR A AT S, B A
T 5% T 1) 8 0 O 32 7E 12 AR 3 em B 3k & v KG: 1
& KRR 2 4F-MDMB-BUTINACA 543 , Jii & 20 5k
53.9pe/mg(&2).

4.0x10° 4.69
3.0x10°

:;%ZAOXIO‘

1.0x10° @
401
A

0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0
B 18] /min

3.0x10° 4.69
2.5x10°
2.0x10°

fﬁl.sno*

1.0x10°

5.0x10*

0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0
& 18] /min
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B2 %% kA ¥ 4F-MDMB-BUTINACA # &34 B
Fig. 2 Chromatograms of 4F-MDMB-BUTINACA
in human hair of an actual case
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ABF5EE KA RORRER 1Y LOD 5 B4 STk 4
AR, 33K B pg K2, FESEPRE B b T
1 44 BE R F5 4 IO BEAR BB 3 em 1Y 3k & L 4% RSk R 14
H K 0.7~1.4 em 1y A 5 B, A G201 B & R H Y
4F-MDMB-BUTINACA J§ 43 7] Jz e i 25 34~ H 19 i
2100, RV 3 AW T & G BRI R B 1Y
M. & A BUR R R 259 I 0 W A A 25 e 5 1
WA, WA o 5 HE LA 40 W S 7 FEORS RUE IR, 2o
WA 4 BRAR 5 L 25 B L MR A5 O, o B o0 1
AN 5 . TESE PR R S TAR il B 2R 1
IO TE A R R 2R Y 550 o

2214E7TH 1 HE, X ERBEZRASDHAEZHE
B IRR R 20 ST 0 A 245 FH 2SRRI 24 i FORS 30 245
SRR B ST RGN | X R AR
ISR JC A I e i S — Yk W ) A S B, Xl o
KIREBRY RGNS EEE L., NiE
W AR BE BT 5 ARBIFSE EE3 T UPLC-MS/MS 7 i F
] Bsf O 5 B & v 7 FeE LA KRR R JENPS, %y
2 RAEE PR R A AT ALy Rk R 3 T
SRR R i 0 P AT
% ik
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