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Abstract: Xylazine is used for sedation, anesthesia, and muscle relaxant as a veterinary
drug and is not approved by the FDA for human use. Its chemical structure closely
resembles the phenothiazine. But intoxication cases in human were identified due to its
anesthetic effect in recent years, especially occurred in DFSA (drug-facilitated sexual

assault) cases. So far, limited data concerning xylazine human metabolism have been
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reported. Urine is the preferred material for metabolite identification in forensic toxicol-
ogy analysis because it can extend the detection time limit. In the last few years, high-
resolution mass spectrometry (HRMS) such as time-of-flight (TOF) and Orbitrap MS
have been widely used to discover and identify drug metabolites due to its high sensitivi-
ty, rapidity and mass accuracy. Drug metabolites can be rapidly detected and identified
based on high resolution mass and multiple stage mass by high performed chromatogra-
phy coupled with high-resolution mass spectrometry ( HPLC-HRMS). To study the
metabolites of xylazine in humans, the metabolism of xylazine was investigated in
human urine after several sample workup procedures. For liquid-liquid extraction, the
supernatant after mixing 1 mL of urine with 2 mL of ethyl acetate was first transferred,
and further extraction was carried out by adding 1 drop of 10% NaOH and 2 mL of ethyl
acetate. Then the two extracts were mixed, evaporated and reconstituted in 100 pL of
methanol. For protein precipitation, 100 pL of urine was precipitated by 900 pL acetoni-
trile. After shaking and centrifugation, 5 pL. supernatant was taken for analysis. For
this study, samples were separated on a Hypersil GOLD PFP column (100 mm X
2.1 mmX3 um), the mobile phase consisted of solvents A (5 mmol/L. ammonium ace-
tate solution with 0. 1% formic acid) and B (acetonitrile). The analysis of metabolites
were performed by liquid chromatography-quadrupole-Orbitrap mass spectrometer (L.C-
Q-Orbitrap MS) with positive electrospray ionization (HESI-][ ) interface operation in
the full scan-ddMS* ion mode. The metabolites were identified by the comparison of
theoretical accurate molecular mass, isotopic pattern abundance and product ion charac-
teristics obtained through Compound Discover software. By analyzing the fragment ion
given in the MS* spectrum, 7 phase | metabolites were detected in liquid-liquid extrac-
tion, including hydroxylation, oxidation and S-oxidation, 8 metabolites were detected in
protein precipitation, including 4 phase ]| metabolites, excreted as glucuronides and
sulfates. As a result, a total of 13 phase | and [I metabolites were detected in human
urine. It is preliminarily clarified the metabolic pathways and major metabolites of
xylazine in humans. This paper shows great value for clinical and forensic toxicology
research.
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Fig. 1 Total ion current chromatogram of the sample

prepared by liquid-liquid extraction
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Table 1 LC-Q-Orbitrap MS data of xylazine and its metabolites in human urine(liquid-liquid extraction)
R [M+H]" #ig{E [M-+H]™ g .
(a7 b2 1 B 1 [ } i 2
) Theoretical Measured
Compounds Chemical formulas tr/min Error/10°6
value(m/z) value(m/z)

FEPLE Ci2HisN2 S 3. 96 221.11070 221.11058 —0.54
M1 Ci2 H1s N2 SO 3.37 237.10561 237.10548 —0.55
M2 Ci2 Hiy N2 SO 3.46 235.08996 235.08977 —0.81
M3 Ci2 H12 N2 SO, 4.52 251. 08487 251. 08472 —0. 60
M4 Ci2 H16 N2 SO» 3.42 253.10052 253.10043 —0. 36
M5 CoHi3 N2 S 3.56 181. 07939 181. 07951 0. 66

W F BT [M+H]" m/z 235.089 77,
PR BRI ] 3. 46 min, FEJRHESY T BT K 14 u
(16 —2), #E W S F& 505 1 S AL A ™ )
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1) B B N m/ = 181,079 51,164,052 98,
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FRRIERE B8 SR WIWE R IR R AR T T8

WA F B FIE[M+H] m/z 251,084 72,
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(16+16—2) , HEW Ay FE 47 5 1) S8 A0 72 B A A
Y M3, M3 LM+ H]' & ¥ 1 MS* % &
H Y SRR B T /= 104. 016 44 BE X v 544
(R F B F m/z 90. 037 21 KT 14 u(+16—2),
FHAWE R A B T AR L. MS 5B om/ =
197. 074 25,148.075 64 tb M2 [l #% B B F m/=
181.079 51.132.080 7 K T 16 u. EWALE 2,6-—
R M IR AL B A T R 3 AR T . pl M DA
INE AR I AR A SO A7 A SR R 3
TR A ) 43 S A 4R (M3-1 . M3-2)

WS F B FiE[M+H] m/z 253.100 43,
- BE 8] A 3. 42 min, FEJRAES T8 T K 32 u
(16+16) , FILFIE LA b8 S-S AL A%
WU B AR 7= M4, MS® 5% B AE 7 m/ =
147.091 67,164. 052 83 Ab iy F &% K 85 F I
2, 6- F L OR e R I RRAE B R OB T om/x
181. 079 41, HERR 2.6- — B REZR B A (0 2 e Ak L
NS BT S N R AR AEWE R IR |, DRI oK R A K Y
TH BRSO HEBR T W8 BR 1 — 5 A0 N, PR
D M4 SRy S-4 A0 LR I A 4

ST B FIE(M+H] m/2181.079 91,
FREA BT R 3. 56 min, b JRHESTF B /) 40 u
(—CyHp) M Ry FE R 28 N, S b 36 6 4
A N-(2,6-— H LI B IK . MR =4 M5,
£ MS” JEE AT USRS m/x 122,096 464k
1w B B R BRI N- e 55 Ab 2R i
=) 2.6- — IR  m/ = 181. 079 91A]{E Ny
2,6~ FHREOR i (Y A& B8 1 A7 T TR L) i
BN R B BRI o
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Fig.2 MS? spectra of xylazine and its metabolites by liquid-liquid extraction
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SR 2% 56 u(+ O0—C,H,S) . £ Com-
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JE R N-(2,6- 7 F 28 ) it R 4 fife 7+ 31 19 bR
EL
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Fig. 3 Total ion current chromatogram of the sample

prepared by protein precipitation
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Fig.4 MS’ spectra of xylazine and its metabolites by protein precipitation
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Table 2 LC-Q-Orbitrap MS data of xylazine and its metabolites
in humans urine (protein precipitation)
[M+H]*#itH [M+H]™ S20{H
%27 [(4===:H % B I (] i 2
Theoretical value Measured value
Compounds Chemical formulas tr/min Error/10 6
(m/2) (m/2)
P 1% CizHis N2 S 4.10 221.11070 221.11060 —0.47
M1 Ci2 His N2 SO 3.41 237.10561 237.10547 —0.59
M4 Ci2 Hi6 N2 SO, 3.49 253.10052 253.10027 —0.99
M6 CyH12N, 0O 3.07 165. 10224 165. 10228 0.24
M7 CisH2a N2 O7 S 3.12 413. 13770 413. 13574 —4.74
M8 Ci2His N2 O) S, 3. 64 317. 06242 317. 06104 —4.35
M9 CisH24 N2 06 S 3.92 397. 14278 397. 14108 —4.28

WEAY T B T m/ = 397. 141 08, i B4 B+ ] Sy
3. 92 min, FWEEREF ARSI T 176 u(+CHOy),
A ) MO HE W Sy BB R R A N
iR 45 A BN A% 3 1 1 AR =40
2.3 g

A S35 1) - AR B o B B R 1Y
TR, M1-1 . M1-2 g B3 Ak 7= 4, M2
KEALTE W) M3-1,M3-2 R F AR B AL =
M4 Sy SE AL =, M5 Sy N-(2, 6-— H 3L 0K
HOFMK. 4 M5 [ MS” 3% B #E S B 45 1948 15
R 2, 6- T H R OR i 5 R OGSOk iR E —
R U I A BB Y 8 A
W=y, M1-1 ,M1-2 #2346 7™ 41 » M4 . M6
Sk S-EAL T . M7 M8-1,M8-2 M9 ¥4 11 4
TR . B U TE I HT AL B 5 L AR A4 2
22 SRV I AR A 7 ) o T V-V 2 Tk B 4%
i AF BK G s T ARG 4. PR 7 A0
NS BE U8 15 B T 5 43 1 B B ) 25 ) A
WA 1E .

R 56 5 BT A5 00 A3 7 40 45+ mT L 4 by 9%
Prwe AR =Y Z WA Y e is R R T
Bl 5, ki 25 R BRI L K BT ok
PRU I PR A G I 5 4 SR AR L 3 B A0 i
WAL HE 2 S AL = L AR B SR Ak W

55, Lavoie %M 78 K BUIF SIORL R rb A6 i 31 11
N-$2 B A WA N PR b A #2177 g
Py A 7] 5 ok B AR R . Meyer 455
JH R U PR VR i 25 7 5 (standard urine screening
protocol) 4 — il = IR N AR HI 45 R 5
AR S B 25 R — B0, AT LI O [R] N BE E 1
RN REHE R — 8, @5, I YK
FERLIGE 73BT I 3G fm = 2 AREY M1 b B AR
DA s AT S M, S ARG I B PR L SRR T R R I 2
s . A BUIRES R R 25 B — E 1
P FERL R A AR 4 N-(2, 6-— F R SR 0 B
O B 5 3 2 IF 50 T R IS Y W B A Y
Il PR 7 3

3 #Fig

ABIEFEH) A - A Ik A DT A
B G BH M PR R A i Ak B L 5 5 LC-Q-Orbi-
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Fig. 5 Proposed metabolic pathways of xylazine in humans
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