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[ Abstract] Objective To establish a high-performance liquid chromatography orbital trap mass spectrometry
(HPLC-Obitrap MS) method for screening 34 common drugs and metabolites in biological samples. Methods The
target analytes in urine and blood samples were extracted with ethyl acetate, concentrated by nitrogen blowing and
redissolved. The hair samples were washed with water and acetone, dried and cut into bits of about 1 mm, and then
crushed in a freezing grinder. The analytes were extracted with methanol, and after filtration, the filtrate was used for
instrumental analysis. Hypersil Gold PFP (2.1 mmx100 mm, 3 um) column was used for chromatographic separation.
Methanol and 5 mmol/L ammonium acetate solution were used as mobile phase with gradient elution at a flow rate of
400 uL/min. Mass spectrometry was done by electrospray positive and negative ion alternation mode. The data were
collected using Full MS and Full MS/dd-MS’ mode. Xcalibur 4.0 software was used to control instruments and to collect
data, and TraceFinder 3.3 was used for screening and identification. Results  The method's detection limits for 34 drugs
and their metabolites in blood, urine and hair samples were 3.30-10700 ng/L, 4.43-5440 ng/L, 0.0350-4.21 ug/kg,
respectively. The intra-day and inter-day precisions of the spiked samples at the levels of 5.0, 10, and 20 pg/L were 3.50%-
6.00% and 4.18%-9.90%, respectively. A total of 1125 biological samples of urine, blood and hair were collected and
screened. The results showed that 96.7% of the drug users were taking a single drug, while 3.3% were mixed drug users.
The main types of drug of abuse were methamphetamine (75.8%), heroin (18.5%), ketamine (2.4%) and other drugs
(3.3%), and 87.9% of the positive samples were from male users. Compared with the results of high-performance liquid
chromatography triple quadrupole mass spectrometry, this method can be used to identify more types of drugs in one run
and to conduct retrospective analysis. Conclusion The method established in the study is simple and sensitive and is

well suited for the screening of common drugs and metabolites in biological samples.
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Liquid chromatography orbital trap mass spectrometry

Screening Biological samples
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BTk (alprazolam) . 55 f PGP (lorazepam) , VP
(methadone) . AT (clozapine) . ¥#i% [ (heroin) . JUAH
a7 (flunitrazepam) , Ml &£ (tramadol) , ¥ KJE
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Fig 1 Recoveries from urine samples purified with different extraction reagents

MDMA: 3,4-Methylenedioxymethamphetamine; THC: Delta-9-Tetrahydrocannabinol; MDA: 3,4-(Methylenedioxy) aniline; LSD: Lysergic acid diethylamide.
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Fig 2 Recoveries from blood samples purified with different extraction reagents

MDMA, THC, MDA, LSD: The same denotations as those in Fig 1.
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Table 1 Identification information of 34 kinds of common drugs and metabolites

Chemical name Molecular formula Precursor ion (m/z) Retention time/min Daughter ions (m/z)
6-Acetylmorphine C,,H,, NO, 328.154 33 7.20 211.074 74, 165.069 88, 193.064 06

Morphine C,,H,;NO, 286.143 77 5.33 201.090 85, 165.069 88, 153.069 88, 191.085 53, 91.054 63
Heroin C,H,;NO; 370.16490 8.48 211.075 40, 268.133 21, 328.154 33
Amphetamine CH,,N 136.112 08 6.66 91.054 33, 109.010 93, 65.039 34
Methamphetamine C, H; ;N 150.127 73 7.29 91.054 23, 119.085 53, 136.111 53

Ketamine C,,H,,CINO 238.09877 7.54 125.015 30, 179.061 94, 207.057 12

Cocaine C,H,NO, 304.154 33 9.40 182.117 56, 82.065 13, 105.033 86

MDMA C,H;;NO, 194.117 56 8.09 163.075 36, 135.044 06, 133.064 79, 222.115 10
THC C,H,,0, 315.231 86 10.04 193.121 81, 93.069 88, 135.116 52, 123.043 98
Meperidine C,;H,NO, 248.164 51 9.46 174.127 61, 220.133 21, 70.065 13

Codeine C,H,NO, 300.158 81 6.93 199.075 36, 65.069 88, 215.106 66

Nitrazepam C,:H,,N,O, 282.087 32 7.35 236.094 40, 268.084 20, 207.091 28, 180.080 40
Diazepam C,H;;CIN,O 285.078 92 8.18 154.041 80, 193.088 60, 257.083 40, 233.132 48
Alprazolam C,H,;CIN, 309.090 15 7.80 281.071 43, 205.076 02, 274.121 30
Lorazepam C,:H,,C,N,0, 321.019 21 7.28 275.013 73, 229.052 70

Methadone C,H,NO 310.216 54 13.98 265.158 57, 105.033 49

Clozapine C,:H,,CIN, 327.137 10 9.74 270.079 25, 192.068 00

Flunitrazepam C,H,,FN,0;, 314.093 55 7.68 268.100 52, 239.097 90

Tramadol C,H,;;NO, 264.195 43 9.30 58.065 89

Fentanyl C,,H,;:N,O 337.227 44 9.95 188.143 38, 105.069 88

Methcathinone C,H,;NO 164.069 90 7.04 146.096 43, 131.072 95, 105.069 88

Ephedrine C,H,;NO 166.122 64 6.25 148.112 80, 117.069 88, 133.088 60, 115.054 40, 91.054 67
Estazolam C,H,,CIN, 295.074 50 7.40 267.055 39, 205.075 61, 138.010 27
Phenobarbital C,H,,N,0O, 231.077 52 4.84 184.950 09, 188.070 61, 85.003 25, 144.081 83
Barbital C,H,.N,0, 183.076 41 3.23 140.071 64, 94.915 50

Amobarbital C,H;N,O, 225.124 47 6.36 182.118 58, 136.112 85

MDA C,H,,;NO 180.101 68 8.05 163.075 21, 135.044 06, 133.064 79, 105.070 24
Papaverine C,H,,NO, 340.15433 8.41 202.085 72, 324.121 95, 171.067 87

LSD C,H,;:N,O 324.207 00 7.21 223.123 00, 180.080 80, 153.069 80, 281.164 80
y-Hydroxybutyric acid C,H;O, 103.040 07 9.06 51.023 72, 95.049 45

Benzoylecognine C,H,,NO, 290.138 70 8.52 168.10190, 105.033 50

Clonazepam C,;H,,CIN,O, 316.04830 7.15 214.041 80, 169.064 50, 152.061 70, 241.052 70
Midazolam C,,H,,CIFN; 326.085 48 8.65 291.115 91, 244.032 04, 209.063 23

Caffeine C,H,N,O, 195.087 65 4.63 138.066 36, 110.071 27

MDMA, THC, MDA, LSD: The same denotations as those in Fig 1.
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Table2 MDL of 34 kinds of common drugs and metabolites
Chemical name Urine/(ng/L) Blood/(ng/L) Hair/(ug/kg)
6-Acetylmorphine 3.41x10° 4.26x10° 0.0686
Morphine 7.25x10° 9.70x10° 0.0723
Heroin 51.60 2.52x10° 0.1360
Amphetamine 1.00x10° 1.53x10° 0.8880
Methamphetamine 15.50 2.48x10” 0.1450
Ketamine 9.70 21.70 0.0596
Cocaine 9.50 48.30 0.1110
MDMA 10.90 24.90 0.1160
THC 84.10 2.21x10° 1.1700
Meperidine 10.30 12.50 0.0368
Codeine 17.10 37.40 0.0887
Nitrazepam 67.70 21.50 0.0923
Diazepam 16.90 25.00 0.0577
Alprazolam 12.10 12.40 0.0490
Lorazepam 1.08x10° 66.30 03150
Methadone 1.95 9.70 0.0573
Clozapine 31.30 31.30 0.0449
Flunitrazepam 22.60 7.170 0.0469
Tramadol 4.56 5.25 0.0557
Fentanyl 4.43 3.30 0.0350
Methcathinone 2.78x10° 2.32x10° 3.9800
Ephedrine 4.40%10° 2.89x10’ 0.8110
Estazolam 15.60 13.60 0.0455
Phenobarbital 4.16x10” 3.31x10° 2.0900
Barbital 5.44x10° 1.07x10" 42100
Amobarbital 99.60 1.99x10” 0.9440
MDA 13.80 19.20 0.1230
Papaverine 10.20 25.80 0.0576
LSD 38.20 29.00 0.1060
y-Hydroxybutyric acid 1.16x10° 8.10x10” 3.0300
Benzoylecognine 44.00 1.65x10° 0.4320
Clonazepam 27.10 8.610 0.0698
Midazolam 13.50 11.40 0.0886
Caffeine 73.50 23.50 0.1530

MDMA, THC, MDA, LSD: The same denotations as those in Fig 1.
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C.H.N 91.054 65 sH, 268.132 54
2 0l 3 Hyg C.H.O _ -0.460 54 mmu  C,H,;0,
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Fig 3 Mass spectrums of methamphetamine, heroin metabolites, and ketamine
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