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Abstract This study was performed to determine the metabolic profile of four amide synthetic cannabinoids
that recently abused, i. e., ADB-4en-PINACA, 4CN-CUMYL-BUTINACA, 5F-EMB-PICA and 4F-MDMB-BUTI-
CA, in human liver microsomes (HLMs). The four amide synthetic cannabinoids were added to the microsomal
incubation model, being incubated for 10 min, 60 min or 3 h to simulate human hepatic metabolism. Liquid chro-
matography quadrupole time-of-flight mass spectrometry (LC-QTOF-MS) analytical instrument was employed to
determine and speculate the structure of phase I metabolites and their possible metabolic pathways. The results
showed that there were 27 phase 1 metabolic pathways for the four amide synthetic cannabinoids, including
hydroxylation, carboxylation, N-dealkylation and ester hydrolysis, with the main phase I metabolic pathways of
ester hydrolysis, dihydrodiol (pentenyl tail), oxidative defluorination to carboxylic acid, monohydroxylation (alkyl
side chain or indole/indazole ring) and N-dealkylation. The results of this study may provide potential detection

markers for forensic identification and sewage abuse assessment of the four amide synthetic cannabinoids.
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Figure 2 HPLC chromatograms of 5F-EMP-PICA (A), ADB-4en-PINACA (B), 4CN-CUMYL-BUTINACA (C), and 4F-MDMB-BUTICA (D)

1: Negative control; 2: Incubated for 10 min; 3: Incubated for 60 min; 4: Incubated for 3 h
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Figure 3 Residual percentage of the four amide synthetic cannabi-
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Figure 4 Combined extracted ion chromatograms of SF-EMB-PICA’s metabolites identified in human liver microsomes

Table 1 Phase [ metabolites of SF-EMB-PICA
Peak Metabolic reaction + /min Accurate  Theoretical Fragment ion Area/
K mass (m/z)  mass (m/z) (m/z) (x10°)
M1-1  Hydroxylation 13.21,13.36  393.2183  393.2184  248.108 0, 144.044 4 0.67
M1-2  Hydroxylation 13.46,14.30  393.2197  393.2184  248.108 5, 160.039 5 n.d.
M1-3  Hydroxylation 14.01 393.2189 3932184  232.113 4, 144.044 4 0.08
M2 N-Dealkylation 12.28 289.1554  289.1547  144.044 2,215.1179 0.06
M3 Ester hydrolysis 13.25 349.1929  349.1922  232.1146, 144.0443  96.45
M4-1  Ester hydrolysis, hydroxylation 10.40 365.1894  365.1871  248.108 0, 144.044 4 1.11
M4-2  Ester hydrolysis, hydroxylation 10.58,11.48  365.1882  365.1871 248.108 5,160.0395  13.28
M4-3  Ester hydrolysis, hydroxylation 11.60 365.1873  365.1871  232.113 4, 144.044 4 0.67
M5 Ester hydrolysis, oxidative defluorination, hydroxylation ~ 10.44 347.1972  347.1965  230.117 8, 144.044 1 5.51
M6 Ester hydrolysis, dehydrogenation 12.78 347.176 3 347.176 5  232.113 4, 144.044 2 3.07
M7 Oxidative defluorination, hydroxylation 13.26 375.2272 375.2278  230.1179, 144.044 2 n.d.
M8 Oxidative defluorination, hydroxylation, carboxylation 13.10 389.2072  389.207 1  244.097 2, 144.044 0 1.85
M9 Ester hydrolysis, oxidative defluorination, hydroxylation, 10.40 361.1772  361.1758  244.097 2, 144.044 1 2.17
carboxylation
M10  Amide hydrolysis 13.30 250.1239  250.1238  206.134 0, 144.044 3 8.28
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Figure 5 Mass spectrum and fragmentation information of SF-EMB-PICA and its main metabolites in human liver microsomes
A: SF-EMB-PICA; B: Ester hydrolysis metabolite (M3); C: Ester hydrolysis and hydroxylation metabolite (M4-2); D: Ester hydrolysis, oxidative defluori-
nation and hydroxylation metabolite (M5); E: Ester hydrolysis and dehydrogenation metabolite (M6); F: Amide hydrolysis metabolite (M10)

5F-EMB-PICA

Figure 6 Metabolic pathways of SF-EMB-PICA in human liver microsomes
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Figure 7 Combined extracted ion chromatograms of ADB-4en-PINACA's metabolites identified in human liver microsomes

Table 2 Phase | metabolites of ADB-4en-PINACA

Peak . L fmin Accurate Theoretical Fragment ion Areal
mass (m/z) mass (m/z) (m/z) (x10°)
M1-1  Hydroxylation 10.68,10.79, 11.73  359.208 8 359.207 8 229.097 7, 145.0392  11.45
M1-2  Hydroxylation 11.98, 12.62 359.209 1 359.207 8 229.097 7, 161.034 1 6.06
M1-3  Hydroxylation 12.16 359.207 9 359.207 8 213.102 6, 145.039 7 0.45
M2 Dihydroxylation 9.14,9.41,9.74 375202 8 375.2027 245.092 5, 145.039 6 3.89
M3 Dihydrodiol (N-pentenyl tail) 8.83 377.219 1 377.218 3 332.1977,247.108 3 19.16
M4 Amide hydrolysis 15.75 344.197 3 344.196 9 213.102 7, 145.040 0 0.71
M5-1  Amide hydrolysis, hydroxylation 10.68 360.194 1 360.191 8 213.103 4, 145.039 6 1.21
M5-2  Amide hydrolysis, hydroxylation 13.89 360.193 1 360.191 8 229.097 9, 161.034 9 0.85
M5-3  Amide hydrolysis, hydroxylation 12.17 360.193 1 360.191 8 213.103 4, 145.039 6 0.09
M6 Amide hydrolysis, dihydrodiol (N-pentenyl tail)  9.96 378.203 2 378.202 3 332.197 7,247.108 3 1.50
M7 Amide hydrolysis, dihydroxylation 9.43 376.189 0 376.186 7 213.103 4, 145.039 6 0.46
M8 N-Dealkylation 8.92 275.1509 275.150 3 230.129 5, 145.039 6 0.42
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Figure 8 Mass spectrum and fragmentation information of ADB-4en-PINACA and its main metabolites in human liver microsomes
A: ADB-4en-PINACA; B: Hydroxylation metabolite (M1-1); C: Hydroxylation metabolite (M1-2); D: Dihydroxylation metabolite (M2); E: Dihydrodiol
(N-pentenyl tail) metabolite (M3);F:Amide hydrolysis and dihydrodiol (N-pentenyl tail) metabolite (M6)
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Figure 10 Combined extracted ion chromatograms of 4CN-CUMYL-BUTINACA's metabolites identified in human liver microsomes

Table 3 Phase | metabolites of 4CN-CUMYL-BUTINACA

Peak Metabolic reaction 1 /min Accurate Theoretical Fragment ion Area/
: mass (m/z) mass (m/z) (m/z) (x10°)
M1-1  Hydroxylation 10.01, 12.86 377.198 0 377.1972 226.097 5, 243.124 2 7.79
M1-2  Hydroxylation 13.31, 14.18 377.196 6 377.197 2 242.092 6, 259.119 1 14.12
M1-3  Hydroxylation 14.34 377.198 3 377.1972 242.092 6, 259.119 3 3.48
M2-1  Dihydroxylation 11.58 393.193 4 393.192 1 226.097 4,243.124 3 6.15
M2-2  Dihydroxylation 11.82 393.1917 393.192 1 242.092 6, 259.119 1 n.d.
M3 Dihydrodiol 10.81 395.207 2 395.207 8 260.103 5, 242.092 9 1.19
M4-1  Hydroxylation + carbonylation 11.62 391.1770 391.176 5 226.097 0, 243.123 4 1.78
M4-2  Hydroxylation, carboxylation 12.90 391.177 1 391.176 5 226.098 2,243.124 4 1.27
M5 N-Dealkylation 13.12 280.144 5 280.144 4 145.039 5, 162.066 0 6.14
M6 N-Dealkylation, hydroxylation 11.28,11.81 296.139 6 296.139 4 161.034 3, 178.060 7 1.18
M7 Oxidative decyanation, hydroxylation 13.53 352.203 4 352.2020 217.097 6,234.123 9 4.79
M8 Oxidative decyanation, aldolylation 14.68 350.186 2 350.186 3 215.081 8, 232.108 7 5.40
M9 Oxidative decyanation, hydroxylation, carboxylation ~ 13.45 366.181 2 366.1812 231.076 9, 213.066 1 77.38
M10 Carbonylation 13.91 375.181 6 375.181 6 240.077 0, 257.103 2 2.87
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Figure 11 Mass spectrum and fragmentation information of 4CN-CUMYL-BUTINACA and its main metabolites in human liver microsomes

A: 4CN-CUMYL-BUTINACA; B:Hydroxylation metabolite (M1-1); C: Hydroxylation metabolite (M1-2); D: Dihydroxylation metabolite (M2-1); E: N-
Dealkylation metabolite (M5); F: Oxidative decyanation, hydroxylation and carboxylation metabolite (M9)
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Figure 12 Metabolic pathways of 4CN-CUMYL-BUTINACA in human liver microsomes



5% 53 455 5 XA R, G - 4 PRI S B R RR R AL RO A i T A8 AR o 587
600 000 1
4F-MDMB-BUTICA
550 000
500 000
M9
M7
450 000 [
400 000 ML
8 14
E 350000
E
'S 300000 f
L
& Mi16
= 250000
&
200 000 [
150 000
100 000 Mmi17
My
50 000 T i
M15
0 P
8.0 9.0 10.0 11.0 12.0 13.0 14.0 15.0 16.0 17.0
t/min
Figure 13 Combined extracted ion chromatograms of 4F-MDMB-BUTICA's metabolites identified in human liver microsomes
Table 4 Phase I metabolites of 4F-MDMB-BUTICA
Peak Metabolic reacti + i Accurate Theoretical Fragment ion Areal/
ea etabolic reaction /min mass (m/z) mass (m/z) (%) (x10%)
M1-1 Hydroxylation 12.67 379.203 0 379.202 8 234.092 6, 160.039 3 31.98
M1-2 Hydroxylation 13.05, 13.62 379.202 6 379.202 8 234.092 2, 144.043 9 4.58
M2 Carbonylation 13.58 377.187 5 377.187 1 218.097 7, 144.044 4 n.d.
M3-1 Dihydroxylation 11.47 395.197 9 395.197 7 160.038 8, 250.087 5 n.d.
M3-2 Dihydroxylation 11.88 395.198 3 395.197 7 335.176 4, 250.088 0 n.d.
M4 Hydroxylation, carboxylation 12.08 393.1822 393.182 0 218.097 4, 144.043 9 3.22
M5 Oxidative defluorination, hydroxylation 12.61 361.2125 361.2122 216.101 5, 144.044 3 4.61
M6 Oxidative defluorination, hydroxylation, carboxyl- ~ 12.55 375.191 8 375.191 4 230.081 2, 144.044 2 7.65
ation
M7 Ester hydrolysis 13.22 349.1925 349.192 2 218.097 8, 144.044 0 40.01
MS8-1 Ester hydrolysis, hydroxylation 10.55,11.38 365.186 8 365.187 1 234.092 9, 160.039 8 6.20
M8-2 Ester hydrolysis, hydroxylation 10.85 365.186 8 365.187 1 218.097 8, 144.044 3 4.26
M9 Ester hydrolysis, dehydrogenation 12.86 347.176 5 347.176 5 218.097 6, 144.043 8 37.69
M10 Ester hydrolysis, oxidative defluorination, hydrox-  10.50 347.196 8 347.196 5 216.101 7, 144.043 3 0.70
ylation
MI11-1  Ester hydrolysis, dehydrogenation, hydroxylation 9.94 363.172 1 363.171 5 234.092 5, 160.038 7 2.10
MI11-2  Ester hydrolysis, dehydrogenation, hydroxylation 10.40 363.171 4 363.171 5 234.093 0, 144.043 5 0.71
M2 Ester hydrolysis, dehydrogenation, oxidative deflu- 9.95 345.182 6 345.180 9 216.102 0, 144.043 6 0.57
orination, hydroxylation
M13 Ester hydrolysis, dehydrogenation, oxidative deflu- 9.92 359.160 1 359.160 1 230.080 6, 144.045 9 0.29
orination, hydroxylation, carboxylation
M14 N-Dealkylation 12.2 289.154 8 289.154 7 144.044 0, 257.127 9 38.84
M15 N-Dealkylation, hydroxylation 9.31,9.89 305.149 9 305.149 6 160.039 4, 132.045 5 7.92
M16 N-Dealkylation, ester hydrolysis 9.95 275.1390 275.139 0 144.044 2,229.133 5 22.24
M17 N-Dealkylation, ester hydrolysis, dehydrogenation ~ 9.02 273.123 7 273.123 4 144.044 3, 116.048 9 7.20
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Figure 14 Mass spectrum and fragmentation information of 4F-MDMB-BUTICA and its main metabolites in human liver microsomes
A: 4F-MDMB-BUTICA; B:Hydroxylation metabolite (M1-1);C: Ester hydrolysis metabolite (M7); D: Ester hydrolysis and dehydrogenation metabolite
(M9); E: N-Dealkylation metabolite (M14); F: N-Dealkylation and ester hydrolysis metabolite (M16)
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Figure 15 Metabolic pathways of 4F-MDMB-BUTICA in human liver microsomes
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