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Abstract: The abuse of novel phenylcyclohexylpyridine drugs poses a significant threat to societal safety. The
novel psychoactive substance 2-methyl-deschloroketamine (2-MDCK), belonging to the phenylcyclohexylpyridine
class, has recently surfaced as a new compound. However, there is a lack of understanding regarding its metabolic
pathways and the identification of suitable biomarkers. In this study, a human liver microsomal model was
established, and ultra-high-performance liquid chromatography-tandem mass spectrometry (UHPLC-MS/MS)
technology was applied to investigate the in vitro metabolism and products of 2-MDCK. The results indicate that 2-
MDCK undergoes various metabolic reactions, including dehydrogenation, deamination, hydroxylation, and
demethylation, leading to the formation of eight metabolites. By conducting actual testing on hair samples from 2-
MDCK abusers, the existence of six metabolites was confirmed. Comparing the metabolic products in the liver
microsomal in vitro model, M3.1 and M4.1 were identified as biomarkers for 2-MDCK consumption. Five samples
of abusers of 2-methyl-dechloroketamine were provided by the Anti-Drug Brigade of the Hangzhou Public
Security Bureau. Negative hair samples were provided by laboratory volunteers, and all samples were obtained

with the informed consent of the volunteers. These findings provide a scientific basis for the detection and
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identification of 2-MDCK and its metabolites, as well as crucial support for the study of the metabolic mechanisms

of similar novel psychoactive substances in the phenylcyclohexylpyridine class. This research holds significant

importance in addressing the issue of abuse of new psychoactive substances.
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Figure 1 Chemical structure of 2-methyl-deschloroketamine (2-

MDCK)
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Figure 2 Mass spectra of 2-MDCK

160 180 200 220

m/z

7 g
H,0 2 CHN Z
N TH — ‘

mi/z 218 m/z 200
CH4N
9‘ = o=
m/z 187 m/z 159
0|
.
)
m/z 67

Figure 3 Fragmentation pathway of 2-MDCK in ESI-MS
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Table 1 Metabolites of 2-MDCK in liver microsomes incubated for 60 min
Peak t Th tical lit A t lit E
- Metabolic method R eore IC% duattty eeurd e+qua N ot Characteristic fragment
No. /min [M+H] /(m/z) [M+H]"/(m/z) /ppm
2-MDCK / 6.12 218.153 94 218.154 02 0.37  200.143 77, 187.111 95, 169.101 52,
159.117 03, 143.085 53, 129.070 10,
67.054 50
Ml.1 Hydroxylation 4.47 234.148 86 234.149 60 3.16  216.138 35,203.106 81, 185.096 16,
157.101 30, 107.047 54, 67.054 33
Ml1.2 Hydroxylation 6.09 234.148 86 234.148 85 -0.04  216.138 35,203.106 84, 185.096 16,
157.101 30, 91.054 73, 67.054 33
M2.1 Demethylation 6.14 204.138 29 204.138 82 2.60 187.111 76, 159.116 74, 149.023 03,
67.054 31
M2.2 Demethylation with 4.81 220.133 21 220.133 54 1.50  203.106 70, 202.123 79, 185.096 12,
hydroxylation 175.111 88, 159.080 43, 95.085 55
M3.1 Demethylation with 6.07 202.122 64 202.122 83 0.94 185.096 25, 157.101 33, 129.069 98,
dehydrogenation 91.054 10, 67.054 36
M3.2 Dehydrogenation hydroxylation 5.53 218.117 56 218.117 54 -0.09  200.107 12, 173.096 18, 155.085 49,
with demethylation 91.054 38
M4.1 Dehydrogenation with 6.16 187.111 74 187.111 92 0.96 159.116 97, 145.064 88, 131.085 75,
demethylamino 95.049 13, 67.054 37
M4.2 Dehydrogenation hydroxylation 6.08 203.106 66 203.106 93 1.33 185.096 57, 167.085 66, 157.101 33,
with demethylamino 129.069 99, 91.054 28, 67.054 37
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Figure 4 Combined extracted ion chromatograms of the metabo-
lites of 2-MDCK
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Figure 5 Mass spectra of the main metabolites of 2-MDCK. A: Hydroxylation; B: Hydroxylation; C: Demethylation; D: Demethylation

with hydroxylation; E: Demethylation with dehydrogenation; F: Dehydrogenation hydroxylation with demethylation; G: Dehydrogenation

with demethylamino; H: Dehydrogenation hydroxylation with demethylamino
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Figure 6 Metabolic pathway of 2-MDCK in human liver microsomes

Table 2 Comparison of mentabolites from 2-MDCK in vitro and hair samples from abuser. The numbers in parentheses represent the

ranking of metabolite content in the sample

Peak number Hair 1 Hair 2 Hair 3 Hair 4 Hair 5 Liver microsome
2-MDCK 1.04¢’ 2.35¢’ 1.54¢’ 2.20¢’ 1.39¢° 8.83¢°
MI1.1 - - - - - 2.12°(6)
M1.2 - - - - - 6.72e°(5)
M2.1 7.80e°(3) 5.97¢°(5) 4.34¢°(4) 1.41¢°(4) 2.17¢°(4) 7.12¢°(4)
M2.2 - 1.08¢%(4) 9.57¢°(3) 1.92¢°(3) 5.44¢°(3) 1.64¢%(7)
M3.1 1.98¢(1) 2.54¢’(1) 2.14¢7(1) 2.35¢%1) 1.18¢%(1) 1.44¢'(3)
M3.2 - 1.17¢°(3) - 1.22¢°(5) - 1.08¢°(8)
M4.1 7.32¢°(2) 2.45¢'(2) 6.22¢°(2) 2.26¢%(2) 1.06¢°(2) 2.83¢'(2)
M4.2 5.85¢°(4) 3.91¢°(6) 2.92¢°(5) - - 3.11€'(1)
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] 20 W T R 4 A P AR AR T4, 0 PT BB TR P2
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HH 3 R A v 1 R PR R R BRAR O A, R B AR Z TR 2
56 R ) S AU s AN K . AR A M3.1 A
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N
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R 0 T — S TR U 0 Y T I ) A AR 7 4 B AR 3k
TR AT 0 A, IF SR B RRE A R H A )
BEAT O, HEFE HY R J5E 24 A M3.1 R M4.1 1
N R TR A E AR bR S . AT e 4t SR T i
TS BR G A TR A B 8, RN O AR B
WRIE 2 259 A AL T TE SR (B 18 S0 ff o

1R STBK: AW TC R B ph v — 35 et AR g
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