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tion of xylazine metabolites using
SLIM IM-MS†
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Xylazine represents an increased threat to the recreational drug

market. In this study, we present a rapid strategy for identifying xyla-

zine and differentiating its common isomeric metabolites using

Structures for Lossless Ion Manipulations (SLIM) ion mobility coupled

to high-resolution/tandem mass spectrometry (IM-HRMS/MS).

Chemical derivatization using dansyl chloride also assisted with

separations and led to identification of resolvable reaction product

atropisomers.
Xylazine, a structural analogue of clonidine, is an a2-agonist
originally developed in 1962 for use as an antihypertensive
agent in humans.1,2 However, its use was discontinued due to
adverse effects observed during clinical trials and, since then, it
has only been used therapeutically in veterinary medicine as
a large animal sedative. Recently, xylazine has been introduced
as an increasingly frequent additive in the illicit drug market.
Commonly referred to as “tranq”, “tranq dope”, or “zombie
drug”, xylazine has been detected in recreational drug mixtures
including cocaine, amphetamines, heroine, morphine, and
fentanyl.3 In 2021, xylazine was found in >90% of illicit drug
samples in Philadelphia and has since inltrated nearly all 50
states.4,5 As a result of its increased prevalence, its differential
treatment (i.e., naloxone administration does not reverse over-
dose), and the continued emergence of other new psychoactive
substances (NPS), there is a critical need to develop advanced
analytical technologies capable of rapidly and condently
identifying such compounds and/or their biological
metabolites.

Ion mobility spectrometry (IMS) has been a stalwart in drug
detection for several decades.6–9 As a screening technique, IMS
provides rapid feedback in a portable/handheld instrument. In
order to achieve the selectivity required for differentiating
similar drugs within a given class, such as isomers, IMS has
sity, 211 S Palmetto Blvd, Clemson, SC
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been coupled with tandem and/or high-resolution mass spec-
trometry (i.e., IM-MS).10–16 This powerful technique has seen
increased utility in clinical, forensic, and toxicological applica-
tions. Our group has reported on a recently commercialized
high-resolution IM platform, Structures for Lossless Ion
Manipulations (SLIM),17–19 for the rapid differentiation of
synthetic cannabinoid isomers.20

Herein, we focus on xylazine and its prominent metabolites
(3-hydroxy xylazine and 4-hydroxy xylazine). These compounds,
purchased from Cayman Chemical (Ann Arbor, MI) as DEA
exempt preparations, were prepared as 1 mg mL−1 solutions in
50/50 water (0.1% formic acid)/methanol (v/v) and measured
using a MOBILion Systems MOBIE SLIM platform (Chadd's
Ford, PA) coupled to an Agilent 6546 QTOF (Santa Clara, CA).
Samples were introduced via ow injection analysis (FIA) using
an Agilent 1290 UHPLC autosampler and ionized with Agilent
Jetstream (AJS) electrospray ionization (ESI) in positive mode.
Xylazine yielded a single mobility feature (Fig. 1A) for the
protonated ion at m/z 221.111 with a measured collision cross
section (CCS) of SLIMCCSN2 148.5 Å2. All compounds were
separately analyzed on an Agilent 6560 dri tube ion mobility
spectrometry (DTIMS) instrument for direct CCS measure-
ments; xylazine had a measured DTCCSN2 of 148.1 Å2 (DCCS <
0.3%), demonstrating the accuracy of SLIMCCS measurements
with only external calibration using the Agilent Tune Mix and
no correction factor needed. Complete details of instrumental
parameters (Tables S1–S4†) and DTCCSN2 data (Table S5†) are
included in the ESI.†

Its metabolites, 3-hydroxy and 4-hydroxy xylazine, also each
yielded a single mobility feature for the protonated ion at m/z
237.106, with measured SLIMCCSN2 of 153.4 and 153.1 Å2,
respectively; despite the high resolving power of SLIM (Rp ∼
200), the isomeric metabolites were unresolved (Fig. 1B). To
overcome this challenge, these compounds were derivatized
using the common dansyl chloride reaction,20,21 which selec-
tively dansylated amines and phenolic alcohols. The success of
this reaction (which was performed by combining the indi-
vidual metabolites with dansyl chloride in a pH 9.0 buffer
Anal. Methods, 2024, 16, 4041–4044 | 4041
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Fig. 1 Ion mobilograms for protonated (A) xylazine and (B) its isomeric
metabolites 3-hydroxy/4-hydroxy xylazine.

Fig. 2 (A) Mass spectrum for the products of dansylation of 3-hydroxy
xylazine. (B) Ion mobilogram for 3-hydroxy and 4-hydroxy xylazine as
the protonated dansylated product at m/z 470.
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solution maintained at 60 °C for 5 minutes) was monitored by
the singly dansylated product at m/z 470.157 (Fig. 2A). Their
products also yielded a single mobility feature for each metab-
olite, but these were now baseline resolved by SLIM (Fig. 2B)
with measured SLIMCCSN2 of 213.5 and 218.4 Å2 for 3-hydroxy
and 4-hydroxy xylazine, respectively. This ∼2% difference in
CCS demonstrates the necessity for the higher resolving power
of SLIM-based separations, where lower resolution instruments
might not adequately separate these isomers.

Furthermore, the doubly dansylated product (reacted at both
secondary amine and phenolic oxygen) was observed promi-
nently at m/z 703.208, but each individual compound yielded
a bimodal mobility distribution (Fig. 3A). Despite the appear-
ance of multiple peaks, the high resolving power of SLIM
contributed to increased peak capacity that allowed near base-
line resolution of all four species, with SLIMCCSN2 of 258.0/264.5
Å2 for 3-hydroxy xylazine and 260.9/271.1 Å2 for 4-hydroxy
xylazine; an IM spectrum displaying separation of the mixture is
shown in Fig. S1.† The appearance of multiple mobility peaks
for a single m/z could be the result of reaction product isomers
(i.e., atropisomers), gas-phase conformers, or protonation site
isomers (i.e. prototropic isomers or ‘protomers’). Because the
4042 | Anal. Methods, 2024, 16, 4041–4044
latter two scenarios would be a result of the ionization process
and/or transport into the gas-phase, neither would be expected
to yield multiple chromatographic peaks. However, upon anal-
ysis of these compounds with reversed-phase LC (see conditions
in ESI†), unique and resolvable chromatographic features were
observed at retention times of 8.8 and 9.1 minutes (Fig. S2†),
respectively; this observance indicates different chemical
species, presumably atropisomers, where dansylation can occur
to form one of two (non-interconverting) stereoisomers with
hindered rotation (most likely at the secondary amine deriva-
tization). Proposed gures for all dansylation products,
including the atropisomers of these two metabolites, are shown
in Fig. S3 and S4.† This conclusion was further aided by the use
of mobility-aligned fragmentation.

(MAF) performed on the individual mobility features for
each reaction product, which yielded nearly identical MS/MS
patterns albeit with differing relative abundances (as might be
expected for differential fragmentation of atropisomers based
on the stability of the two compounds).
This journal is © The Royal Society of Chemistry 2024
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Fig. 3 (A) Ion mobilogram for 3-hydroxy and 4-hydroxy xylazine as
the protonated doubly dansylated products atm/z 703. Each individual
mobility peak, at (B) CCS 258.0 and (C) CCS 264.5 Å2, was subjected to
mobility-aligned fragmentation (MAF), for which their spectra are
shown above.
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Conclusions

In summary, we have demonstrated an LC-SLIM IM-HRMS/MS
approach, combined with simple chemical derivatization, for
This journal is © The Royal Society of Chemistry 2024
the separation and differentiation of xylazine and the reaction
products of two of its hydroxylated metabolites. This reaction
improved IM resolution for the singly dansylated products. In
the case of the (also prominently observed) doubly dansylated
products, this strategy allowed conrmation of the formation of
atropisomers, or rotationally/sterically hindered isomers. This
especially demonstrates the signicant structural characteriza-
tion capabilities enabled by the combined LC-SLIM IM-HRMS/
MS approach, which the authors expect will have signicant
impact not only for detection of illicit drugs but also for
potential pharmaceutical applications.
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