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Abstract: To evade legal controls, new psychoactive substances (NPS), which have been de-

signed as substitutes for traditional and synthetic drugs, are gradually dominating the drug
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market. Synthetic cannabinoids (SCs), which account for the majority of NPS, are rapidly be-
ing derivatized; consequently, controlling increasing abuse by merely listing individual com-
pounds is difficult. Therefore, China has included the entire SC category of SCs listed as legal
controlled substances since July 1, 2021. However, new SCs obtained through structural modifi-
cation are still appearing and pose significant analytical challenges for forensic laboratories.
Therefore, an efficient, green, and automated detection method is urgently required to provide
technical support for the accurate screening actual samples. Meanwhile, the number of in-
dazole-type SCs has increased sharply since 2013, which is ascribable to their stronger psycho-
active effects. Indeed, forensic laboratories mainly analyze this key SC subclass. Therefore, in
this study, we developed a new method for analyzing 51 indazole-type SCs in human urine and
blood, which involves online solid-phase extraction (online SPE) as the preprocessing technol-
ogy, with analysis performed using liquid chromatography-linear ion trap mass spectrometry.
Deproteinization was achieved by adding acetonitrile, with dilution performed using 10 mmol/L
ammonium acetate solution (pH 4. 8) containing 0. 1% formic acid. Samples were then analyzed
directly using acetonitrile-10 mmol/L ammonium acetate aqueous solution ( containing 0. 1%
formic acid) as the mobile phase. The mass-to-charge ratios of protonated molecular ions ( [ M
+H]") in the mass spectra acquired in full-scan mode, and the retention times in the chromato-
grams of the analytes were selected with the aim of monitoring the MS’ ions of the various com-
pounds. Characteristic fragment ions of the various SC structures were summarized, with five
groups of isomers, each containing ten compounds, successfully distinguished using multistage
mass spectrometry and their retention times. Multistage MS was used to qualitatively screen 51
indazole-type SCs, which were then quantitatively analyzed using MS” ion pairs ( as quantitative
ion pairs). The analytes exhibited limits of detection ( LODs) of 0. 02—-1 ng/mL, with limits of
quantification (LOQs) of 0. 04-4 and 0. 1-4 ng/mL in urine and blood, respectively. Linear fit-
ting ( weighting factor 1/x) revealed good linearity for each analyte within its respective linear
range, with correlation coefficients ( R*) greater than 0. 99 in both urine and blood. The validity
of the analytical method was tested by determining precision and spiked recovery values (n =
6). Recoveries of 83.47% —116.95% were obtained at LOQ levels, with precisions of 2.29% —
13. 40%. In addition, recoveries of 86. 63% —113. 38% and precisions of 0. 58% —-13. 79% were ob-
tained at low, medium, and high levels. The method described herein is not only easy to oper-
ate but also can be automated. Indeed, high-throughput sample analysis was achieved when
sample extraction, enrichment, and analysis were performed in dynamic mode through valve
switching. Meanwhile, the method exhibited good sensitivity and is applicable to a wider range
of compounds than those previously reported; it also provides a scientific basis and technical
support for the rapid screening and quantitative analysis of SCs in actual relevant cases.

Key words: synthetic cannabinoids (SCs) ; indazole-type; urine; blood; online solid-phase ex-
traction (online SPE) ; liquid chromatography-linear ion trap-mass spectrometry (LC-LIT-MS)
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o Rr. SF-MMB-PINACA —CsHjoF  iso-CsH; —CHj3 MDMB-FUBINACA p-C7HgF  tert-C4Hg —CHj
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1 AHARENERER
Fig. 1 Basic information of synthetic cannabinoids ( SCs)
a. 1-alkyl-2-amino-2-oxoethyl; b. 1-alkyl-2-methoxy-2-oxoethyl or 1-alkyl-2-ethoxy-2-oxoethyl; c. 2-phenylpropan-2-yl; d. a-naphthyl;

e. adamantly.
N/ A represented carbonyl carbon directly with naphthyl.
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5000.2 0001 000.500,.200,100,50,20.10.5.2.1
0.5 ng/mL 1 RINEGIRAEF I, 25 H o SRHIAH
[ 77 UL i 7% APINACA-d, it 8 ¥ 4 2 mg/mL
IR IEGE 25 W . 3 P AR B TE 1) B 200 ng/mL 1)
MR (IS) I, & H
1.3 HmBARNEHE

HEBRAZEN 1. 0 mL 25 FLE SR, A 20 pL
ZINRAFRUER BN 20 nL IS 7, FEANA 2. 96 mL
ZIEUEEN IR 1 min J5, 8.0 10 min, 8 2.0
mL 3L, IA 1,75 mL 7% 0. 1% g (v/v) BIEEIR
B (10 mmol/L) HEATAR RS, PR B L 5 B T
W2 0.22 pm A HLIERTIE, U A H
14 U=B&4G

Online SPE: online SPE >4 Oasis HLB ( 20

mmx2. 1 mm, 15 pm) ; i shAH A K F1H B R
150 L BB EEVEBRR P L3R 1, PR 4 min LIJK
Vel sh#H, SPE AE7E 2k 5 4, 4 min 38 i 1 )
i F SPE A5 73 B &35 A0 % , 8 min J5 Wi T %
B, 0 BIHH B KX SPE A TG 1k, 8T —
i AT A

WAH €4 3% 73 85 . 4 M7 #E S ZORBAX Eclipse
Plus C (100 mmx2. 1 mm, 1.8 pm) ; JisifH A 4
0. 1% HEZ (v/v) 1 10 mmol R #4150k , T shHH
B AR 0.1% H M (v/v) 2 HE; Wi#E N 0.3

% 1 Online SPE #fE5M &4

Table 1 Gradient elution conditions of online SPE

Time/ Flow rate/ ¢( Water) / ¢( Methanol ) /

min (mL/min) % %
0 0.4 100 0
0.4 100 0

5 0.4 0 100

8 2 0 100
10 2 0 100
10.1 2 100 0
12 2 100 0
12.1 0.4 100 0
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Table 2 Gradient elution conditions of liquid

chromatography
Time/min o(A)/% ¢(B)/%
0 70 30
4 70 30
15 10 90
18 10 90
20 70 30

A: 10 mmol/L ammonium acetate containing 0. 1% formic
acid; B: acetonitrile containing 0. 1% formic acid.

£33 ESWWHLEX REFEREFX

Table 3 Chemical formulas, retention times and ion pairs of the analytes

Analyte Molecular formula Retention time/min Ton pairs (m/z)
4CN-AB-BUTINACA CsHy;;N50, 8.32 342>325" >297, 342>297 (1.4%)
4F-AB-BUTINACA C,;H;FN,O, 9.22 335>318 " >290, 335>290 (1.1%)
5F-AB-PINACA CgH,FN,O, 9.86 349>332" >304, 349>304 (2.7%)
MDMB-INACA CsHyN;0;4 10.23 290>258 ", 290>230 (78.9%)
AB-FUBINACA CyH, FN, O, 10.26 369>352% 324, 369>324 (3.2%)
5F-ADB-PINACA C,yH,,FN,O, 10.60 363>346" >318, 363>318 (0.63% )
PX-2 Cp,H,FN,O, 10.62 397>380 * >352, 3975352 (7.8%)
5CI-AB-PINACA CgH,5CIN, O, 10.65 365>348 " >320, 365>320 (0.6%)
ADB-BINACA C, HyN,O, 10.88 365>348 " >320, 365>320 (0.3%)
ADB-FUBINACA C, H;FN,O, 10.94 383>366 " >338, 383>204 (16.4%)
ADB-BUTINACA CsHyN,O, 11.07 331>314" >286>201, 331>286 (2.3%)
AB-PINACA C,sHyN,O, 11.07 331>314" >286>215, 331>286 (2.3%)
ADB-4en-PINACA C,yHyxN,O, 11.19 343>326 " >298, 343>298 (8.1%)
4CN-MDMB-BUTINACA CyHysN, O 11.75 371>3117, 371>339 (82.0%)
AB-CHMINACA C,0Hx;N,O, 11.83 357>340" >312, 357>312 (2.2%)
ADB-PINACA CoHxN,O, 11.88 345>328 " >300, 345>300 (1.9%)
4F-MMB-BUTINACA CsH,, FN; 04 11.94 350>290 " , 350>318 (71.9%)
4CN-CUMYL-BUTINACA C,,H,N,O 12.06 361>243 " >226, 361>226 (2.8%)
CUMYL-THPINACA C,;H,;N;0, 12.40 378>260" >243, 378>243 (7.4%)
5F-MMB-PINACA CoH,sFN; O, 12.53 364>304 " >233, 364>332 (0.3%)
ADB-CHMINACA C,,HyN,O, 12.60 371>354" >326, 371>326 (1.9%)
4F-MDMB-BUTINACA CoHyFN; 04 12.70 364>304" | 364>332 (62.8%)
MMB-FUBINACA C,, H,, FN; 04 12.83 384>324" | 384>352 (35.7%)
4F-CUMYL-BUTINACA C, H,,FN;0 12.93 354>236 " >219, 354>219 (3.7%)
5F-MDMB-PINACA C,oH,sFN; O, 13.18 378>318 ", 378>346 (30.9%)
5F-EMB-PINACA C,0HyFN; 04 13.18 378>304 " | 378>332 (78.9%)
5Cl-MMB-PINACA CoHys CIN; O, 13.25 380>320" , 380>348 (50.6% )
5F-CUMYL-PINACA C,,Hy)sFN;O 13.44 368>250 " >233, 368>233 (2.9%)
MDMB-FUBINACA CpH, FN; 04 13.48 398>338" , 398>366 (36.6% )
EMB-FUBINACA Cp,H, FN; 04 13.48 398>324" | 398>352 (95.5%)
4CN-ABUTINACA Cp;HyN,O 13.73 377>135" >107, 377>107 (2.2%)
5F-EDMB-PINACA C, H3)FN; 04 13.81 392>318" , 392>346 (85.4%)
5CI-MDMB-PINACA C,Hy CIN; 0,4 13.88 394>334" | 394>362 (46.4%)
MDMB-BUTINACA C,yH);N; 0, 13.89 346>286 " , 346>314 (75.8%)
MDMB-4en-PINACA C,yHy; N3Oy 13.90 358>298 ", 358>326(21.7%)
5F-MN-18 C,3H,, FN;0 13.91 376>233 " >213, 376>251 (17.4%)
THJ-2201 Cp;H, FN,O 14.09 361>233 " >213, 361>251(24.2%)
5Cl-CUMYL-PINACA C,,Hy CIN; O 14.12 384>266" >249, 384>249 (3.0%)
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Table 3 (Continued)

Analyte Molecular formula Retention time/min Ton pairs (m/z)
5F-SDB-005 C,;H, FN,0, 14.17 377>233 " >213, 377>251 (26.8%)
4F-ABUTINACA CyHyFN;0 14.69 370>135" >107, 370>107 (1.4%)
EDMB-PINACA C, H; N3O 15.16 374>328" , 374>300 (95.4%)
5SF-APINACA C,3H;FN;0 15.22 384>135" >107, 384>367 (1.4%)
MDMB-CHMINACA C,H; N5 04 15.28 386>326" , 386>354 (32.9%)
SDB-005 Cy;3HpyN, 0, 15.35 359>215" >145, 359>233 (4.8%)
MN-18 C,3Hy)3N; O 15.35 358>215" >145, 358>233 (2.4%)
FUB-APINACA C,sH,,FN; 0O 15.50 404>135" >107, 404>387 (15.9%)
APINACA-2H Cp;Hy N0 15.72 366>135" >107, 366>189 (7.4%)
5F-APINAC C;Hy,FN,0, 15.74 385>135" >107, 385>367 (0.3%)
5CI-APINACA C,3H;,CIN; O 15.90 400>135" >107, 400>383 (1.1%)
APINACA Cp;Hy N;0 16.92 366>135" >107, 366>107 (2.2%)
ACHMINACA C,sHy;N;0 18.17 392>135" >107, 392>379 (1.5%)
APINACA-d, C,3H,,DyN;0 16.77 375>135"

* Quantitative ion. The values in parentheses are the relative intensity of the corresponding ions.
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Mobile phase: acetonitrile-10 mmol/L ammonium acetate

aqueous solution containing 0. 1% ( v/v) formic acid; flow
rate: 0.3 mL/min; column temperature: 40 C.
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Table 4 LODs, linear ranges, linear equations, and correlation coefficients (R*) for SCs in urine and blood

% 4 SCs ZERBFMAE A LOD ZiESEE &l FEMEXRY

Urine

Blood

Analyte LOD/  Linear range/ Linear equation R LOD/  Linear range/ Linear equation R
(ng/mL)  (ng/mL) (ng/mL)  (ng/mL)
4CN-AB-BUTINACA 0.4 1-100 y=0.0608x-0.0041 0.9985 0.2 0.4-100 y=0.0388x-0.0052 0.9990
4F-AB-BUTINACA 0.4 1-100 y=0.06552-0.0339 0.9989 0.4 1-100 y=0.05012-0.0303  0.9966
5F-AB-PINACA 0.4 1-100 y=0.05922-0.0128 0.9986 0.4 1-100 y=0.0518x+0.1853  0.9963
MDMB-INACA 1 2-80 y=0.07492-0.0696 0.9958 0.2 1-40 y=0.06272-0.0319  0.9964
AB-FUBINACA 0.2 1-80 y=0.04822-0.0195 0.9987 0.4 1-100 y=0.04712-0.0008 0.9962
SF-ADB-PINACA 0.2 0.4-80 y=0.03472-0.0026 0.9963 0.4 1-80 y=0.03582+0.0037  0.994
PX-2 0.2 0.4-100 y=0.09222-0.0116 0.9987 0.1 1-100 y=0.09442+0.0175  0.9969
5CI-AB-PINACA 0.4 1-100 y=0.05542-0.0150 0.9961 1 4-100 y=0.05932+0.0437  0.9959
ADB-BINACA 1 4-100 y=0.02442-0.0536  0.9955 1 2-100 y=0.02762-0.0271  0.9951
ADB-FUBINACA 0.4 1-100 y=0.02372-0.0089 0.9960 1 2-100 y=0.02422x-0.0055 0.9960
ADB-BUTINACA 0.1 0.4-40 y=0.07802-0.0036 0.9951 0.1 0.2-80 y=0.0688x+0.0037 0.9958
AB-PINACA 0.1 0.4-40 y=0.0780x-0.0036 0.9951 0.1 0.2-80 y=0.0688x+0.0037 0.9958
ADB-4en-PINACA 0.4 1-100 y=0.01952-0.0021 0.9955 0.4 1-100 y=0.01772+0.0009 0.9970
4CN-MDMB-BUTINACA 0.04 0.4-100 y=0.6366x-0.0701 0.9974 0.02 0.2-100 y=0.74642-0.0395  0.9989
AB-CHMINACA 0.1 0.4-100 y=0.06172-0.0053 0.9983 0.04 0.2-40 y=0.0798x+0.0021  0.996
ADB-PINACA 0.4 1-40 y=0.01362+0.0053 0.9932 0.4 1-40 y=0.01342+0.0144  0.9903
4F-MMB-BUTINACA 0.04 0.1-100 y=1.11102-0.0292 0.9984 0.04 0.2-100 y=1.13212-0.0572  0.9983
4CN-CUMYL-BUTINACA 0.04 0.1-40 y=0.51432-0.0158 0.9966 0.04 0.2-100 y=0.45802-0.0157 0.9961
CUMYL-THPINACA 0.1 0.2-100 y=0.16052+0.0039 0.9958 0.1 0.2-100 y=0.1387x+0.0041  0.9933
SF-MMB-PINACA 0.04 0.1-100 y=1.16532-0.0371  0.9990 0.04 0.2-100 y=1.24672-0.0542  0.9981
ADB-CHMINACA 0.4 1-80 y=0.02392-0.0018 0.9957 0.4 1-40 y=0.03072+0.0032  0.9946
4F-MDMB-BUTINACA 0.04 0.1-100 y=0.86912x-0.0237 0.9993 0.04 0.2-100 y=0.88100-0.0397 0.9988
MMB-FUBINACA 0.02 0.1-100 y=0.85902-0.0247 0.9988 0.02 0.2-100 y=1.08232-0.0531 0.9983
4F-CUMYL-BUTINACA 0.04 0.2-100 y=0.23722+0.0072 0.9976 0.02 0.2-100 y=0.1428x+0.0002 0.9974
5SF-MDMB-PINACA 0.04 0.1-100 y=0.91692-0.0010 0.9968 0.02 0.1-100 y=0.99662+0.0486  0.9962
5F-EMB-PINACA 0.02  0.04-100 y=0.8774x-0.0098 0.9979 0.02 0.2-100 y=0.9603x-0.0062 0.9969
5CI-MMB-PINACA 0.04 0.2-100 y=0.68802+0.0292 0.9975 0.04 0.2-100 y=0.73912+0.0169  0.9965
5F-CUMYL-PINACA 0.04 0.4-100 y=0.29602-0.0194 0.9972 0.04 0.4-100 y=0.21432+0.0075  0.9953
MDMB-FUBINACA 0.04 0.1-80 y=0.77092-0.0219  0.9962 0.04 0.2-40 y=0.90962-0.0446  0.9970
EMB-FUBINACA 0.04 0.1-80 y=0.67902-0.0209 0.9976 0.04 0.2-40 y=0.8287x-0.0331 0.9973
4CN-ABUTINACA 0.04 0.2-100 y=0.51812+0.0197 0.9976 0.02 0.2-100 y=0.6322x-0.0393  0.9974
SF-EDMB-PINACA 0.04 0.2-100 y=0.57162+0.0262 0.9978 0.04 0.2-100 y=0.6233x+0.0152  0.9961
5C1-MDMB-PINACA 0.04 0.2-100 y=0.76392+0.0035 0.9982 0.02 0.2-100 y=0.80162+0.0032  0.9959
MDMB-BUTINACA 0.02  0.04-100 y=0.7882x-0.0055 0.9967 0.04 0.2-100 y=0.80752-0.0178 0.9977
MDMB-4en-PINACA 0.02  0.04-100 y=1.37502-0.0117 0.9968 0.02 0.2-100 y=1.4463x+0.0261  0.9957
SF-MN-18 0.04 0.1-80 y=1.1690x-0.0370 0.9963 0.04 0.2-100 y=1.11000-0.0460 0.9971
THJ-2201 0.2 1-100 y=0.34112-0.0975 0.9977 0.1 1-100 y=0.37462-0.1636  0.9955
5Cl-CUMYL-PINACA 0.1 0.4-40 y=0.21432-0.0149  0.9964 0.1 0.2-40 y=0.1727x-0.0065 0.9937
5F-SDB-005 0.1 0.4-100 y=0.11842+0.0039 0.9965 0.1 0.2-100 ¥=0.1390x-0.0068 0.9970
4F-ABUTINACA 0.02 0.4-100 y=0.42802-0.0284 0.9989 0.02 0.2-100 y=0.42012-0.0210  0.9983
EDMB-PINACA 0.04 0.2-100 y=0.60402+0.0257 0.9968 0.02 0.2-100 y=0.64362-0.0040  0.9958
SF-APINACA 0.04 0.2-100 y=0.33692+0.0143 0.9974 0.04 0.2-100 y=0.3707x-0.0004 0.9960
MDMB-CHMINACA 0.04 0.1-100 y=1.02402-0.0188 0.9986 0.02 0.2-100 y=1.14232-0.0111 0.9961
SDB-005 0.1 0.2-40 y=0.15402+0.0156  0.9948 0.04 0.2-40 y=0.18742+0.0125  0.9938
MN-18 0.2 1-100 y=0.9463x-0.2444 0.9954 0.1 0.2-100 y=1.0564x-0.0026 0.9975
FUB-APINACA 0.04 0.4-100 y=0.20702-0.0032 0.9977 0.04 0.2-100 y=0.21592-0.0045 0.9976
APINACA-2H 0.2 1-100 y=0.34422-0.0990 0.9985 0.1 0.4-100 y=0.58302+0.0326  0.9954
SF-APINAC 0.1 0.4-100 y=0.05162+0.0021 0.9956 0.1 0.4-80 y=0.05282+0.0043  0.9950
5Cl-APINACA 0.1 0.4-100 y=0.20842-0.0116 0.9985 0.04 0.2-100 y=0.22792-0.0098  0.9972
APINACA 0.02  0.04-100 y=0.3452x+0.0031  0.9989 0.02 0.2-100 y=0.34912-0.0070  0.9992
ACHMINACA 0.1 0.4-100 y=0.21252+0.0019  0.9993 0.04 0.2-100 y=0.20512-0.0036  0.9990

Y. ratio of peak areas of the analyte to internal standard; x: mass concentration, ng/mL.
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Table 5 Comparison of the proposed method with other methods

Number of Number of Pre-treatment LOD/ LOQ/

Matrix analytes isomers methods Analytical method (ng/mL) (ng/ iL) Ref.
Urine 51 5 groups, 10  PPT/online SPE LC-LIT-MS 0.02-1 0.04-4 this study

17 metabolites 0 LLE LC-MS/MS 0.01-0.5 0.1-0.5 [31]

6 0 LLE LC-MS/MS 0.003-0.008 0.01 [45]

11 0 SPE LC-MS/MS / 0.01-0.1 [17]
Blood 51 5 groups, 10  PPT/online SPE LC-LIT-MS 0.02-1 0.1-4 this study

72 8 groups, 18  PPT LC-MS/MS 0.01-0.48 / [29]

23 1 group, 2 PPT DART-MS/MS 0.01-1 10 [46]

6 0 PPT/SPE UPLC-MS/MS 0.01-0.05 0.05-0.1 [30]

15 1 group, 2 LLE LC-MS/MS 0.025-0.01 0.05-0.1 [31]

10 0 QuEChERS UPLC-QE-Orbitrap-MS ~ 0.01-0.05 0.05-0.20 [24]

PPT. protein precipitation; LIT; linear ion trap; LLE: liquid-liquid extraction; DART: direct analysis in real-time; UPLC-QE-
Orbitrap-MS: ultra performance liquid chromatography-quadrupole exactive-orbitrap mass spectrometry; /: no data.
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