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OVERVIEW

« lon mobility-enabled mass spectrometry libraries afford additional
specificity compared to conventional mass spectrometry libraries.

« Collision cross section (CCS) values acquired using high resolution
cyclic ion mobility (cIM) facilitate reduced false detection rates and
increased confidence of identification in complex matrices.

o Increased analysis flexibility.

e CCS values and precursor/product ions generated simultaneously.

INTRODUCTION

High resolution mass spectrometers (HRMS) such as quadrupole time
of flight mass analyzers (Q-TOF), have become more prevalent as
screening tools in clinical, forensic toxicology and metabolite
identification, where the constituents of mterest are present in complex
b|olog|cal matrices such as urine and blood.’ ? Using non-targeted “full
scan” data acquisition thousands of detections can be made in a single
analysis, and can be followed by retrospective targeted data analysis.
The drive for higher sample throughput is global, requirement for
improved time efficiency and cost reduction has resulted in movement
towards multiclass compound analysis. This approach has been used to
analyse pestlc:ldes mycotoxins, natural plant toxins® and organic
contaminants*®, which also reS|de within a variety of complex sample
matrices, ranglng from food® to environmental samples such as water
effluent. 78 The purpose of a screening method is to rapidly detect and
identify target compounds in the sample under investigation, with false
detection rates being kept as low as possible. Using measured
properties of a compound, such as the accurate mass, isotope pattern,
and product ion spectrum, appropriate filters can be applied to
determine the presence of a compound in a sample. However, for
compounds of interest which are present only at low concentration,
within complex biological matrices, using these properties alone to
achieve matrix or analyte identification may prove to be more
challenging and additional method development strategies need to be
employed. For such complex analyses, the extra dimension of cIM
separation can help to mitigate such analytical challenges, as well as
generate additional identification specificity via the collision cross
section.

Using a previously reported mass spectrometry library generation
strategy®, a set of commercially available FDA approved drugs was
characterized using liquid chromatography ion mobility mass
spectrometry (LC-cIM-MS) and rapid gradient microbore liquid
chromatography ion mobility mass spectrometry (RGM-cLC-IM-MS).
The strategy employed enables retention time (t;), precursor ions,
product ions and CCS to be determined. Analytical strategies utilising
CCS as an additional endpoint to aid identification specmmty have been
developed, for example pesticide screening assays. The routine use
of CCS for small molecule analysis has increased across multiple areas
of research including pharma (metabolism, metabolomics, lipids) and
food safety (veterinary drugs, mycotoxins, steroids, natural product
screening, natural toxins). CCS-searchable libraries have been
generated whereby use of a CCS metric can be used to increase
cumulative specificity of identification as well decrease false detections.

lon mobility separation of compounds result from gas phase ions being
separated within the gas filled Cyclic IM Separator, prior to the mass
analyser (see Figure 1). Mobility separation is obtained by driving
packets of ions through an inert buffer gas (nitrogen) using a relatively
weak electric field and is a function of factors such as the ion mass,
shape, charge differentiation as weII as on its dipole moment in cases
where polarizable buffer gas is used.’

IM-MS provides a third dimension of separation to that of LC
(hydrophobicity) and MS (m/z) in addition to CCS values, a
complimentary physiochemical descriptor. The combined peak capacity
of LC-IM-MS and CCS can be used to produce unequivocal xenobiotic
identification. A non-targeted urinary screen using conventional LC-cIM-
MS (total cycle time of 12 min) and RGM-LC-cIM-MS (total cycle time of
2.5 min) have been compared as a strategy to identify administered
pharmaceutical xenobiotics in the urine of a healthy volunteer patient.
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Figure 1. Schematic of Cyclic IMS, with the cIM device.

METHODS

SAMPLE DESCRIPTION

Human urine sample diluted 10:1 (H2O).

Sample taken 5hrs after medication was administered.
Carbamazepine Dosage: 2 x 200mg tablets.
Acetaminophen Dosage: 2 x 500mg tablets.

Naproxen Dosage: 1 x 500mg tablets.

Positive ion electrospray with precursor/product ion data acquisition was
performed using a quadrupole-clIM-time-of-flight (ToF) mass
spectrometer (IMS Resolution (R)~65). Human urine samples were
analysed, using conventional and RGM reverse phase separation liquid
chromatography. Chromatographic Method 1 (LC): 12-minute (0.1% w/v
formic acid in H,O) and (0.1% v/v formic acid in acetonitrile) reverse
phase gradient at 0.5 mL/min, using a C4g (100 mm x 2.1 mm, 1.8 ym)
column. Chromatographic Method 2 (RPG LC): 2.5-minute (0.1% v/v
formic acid in H,O) and (0.1% v/v formic acid in acetonitrile) reverse
phase gradient at 0.4 mL/min, using a C4g (50 mm x 1.0 mm, 1.8 ym)
column. Column temperatures: 40°C. Injection volumes 10 pyL and 2 L.

RESULTS AND DISCUSSION

A set of FDA-approved small molecule pharmaceuticals were used to
produce conventional LC and RGM-LC-IM-MS libraries, comprising
retention time t;, precursor ion, product ions and CCS values (LC:1343
and RGM-LC: 1206 entries) in ES" mode. The rationale for the
generation of a LC-IM-MS library is two-fold. Primarily the library
facilitates a high degree of specificity to detect the presence or absence
of therapeutic xenobiotics. The library specificity also provides a route to
distinguishing components of interest from the exogenous/endogenous
components of complex biological matrices such as urine. The
complexity of human urine matrix is illustrated in Figure 2, where the
extracted base peak ion chromatogram is comprised of 1000’s of major
and minor intensity components (20003 candidate masses detected
(response> 1800 counts intensity)). The corresponding ion mobility
separation, illustrating the combined peak capacity of LC-IM, is also
shown where chromatographically coeluting components are separated
in the IM dimension. This facilitates generation of non-targeted single
component precursor ions with corresponding product ion spectra, from
the drift time and retention time aligned species. The libraries were used
to perform a human urine drug screen of a healthy volunteer to identify
administered pharmaceutical compounds and distinguish them from the
endogenous compounds of the complex biological matrix.

The volunteer patient urine sample was taken 5hrs after medication was
administered and diluted 10:1 (H,0). Using non-targeted screening LC-
cIM-MS with typical post processing tolerances (t; (0.1 min) and mass
accuracy (+/-5ppm), 86 identifications were observed, inclusion of an
additional identification point (product ion count =1) reduced the
detection count to 13 (see Figure 3. Finally, a ACCS (<2%) tolerance
was applied to reduce the detection count to 6 (see Figure 4).
Alternatively using tolerances (t; (0.1 min), mass accuracy (+/-5ppm)
and ACCS (<2%) 43 false detections could be removed.
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Figure 2. LC-cIM-MS separation obtained for non-targeted urinary
screening.
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Figure 3. |) LC-cIM-MS component summary for post-acquisition
processing workflow filtered detection results for screening using an
FDA approved drug small molecule library, applied tolerance t. 0.1 min
and mass accuracy +/-5ppm (identified count 89). Il) Applied tolerance t;
0.1 min, mass accuracy +/-5ppm and 21 product ion (identified count
13).
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Figure 4. |) LC-cIM-MS component summary for post-acquisition
processing workflow filtered detection results for screening using an
FDA approved drug small molecule library, applied tolerance t, 0.1 min,
mass accuracy +/-5ppm, 21 product ion and ACCS <2% (identified
count 6). 1l) (a) Carbamazepine ion arrival time distribution (ATD), (b),
m/z 237 extracted mass chromatogram and (c) precursor/product ion
spectra.

The MS libraries utilised comprise a diverse range of small molecule
pharmaceuticals, as a result using conventional LC-cIM-MS, it was
determined that the volunteer patient had been administered,
carbamazepine, naproxen, and acetaminophen. For carbamazepine,
accurate mass measurement (0.8 ppm), retention time error (0.05 min),
product ions (4) and ACCS (0.92%) were obtained, , also shown are the
arrival time distribution (ATD), extracted mass chromatogram, and the
precursor/product ion spectra obtained for carbamazepine.

Using rapid gradlent strategies have been shown to reduce peak
capacity by ~66%." However, utlllsmg ion mobility, a high throughput
strategy with a fivefold increase in sample throughput can be employed,
but with increased peak capacity (compared to conventional MS).
Combining the RGM-LC method with IMS affords the opportunity to
enhance peak capacity, specificity and analysis flexibility, while retaining
the time eff|C|ency of a strategy that provides a 5-fold increase in sample
throughput The feasibility of the approach has been assessed, via
comparison of the application of conventional LC-IM-MS and RGM LC-
IM-MS libraries.

For RGM-LC-cIM-MS, using tolerances (t; (0.1 min) and mass accuracy
(+/-5ppm), 140 identifications were observed. Inclusion of a product ion
count 21, reduced the detection count to 11 (See Figure 5). Applying a
final ACCS (<2%) tolerance produced a detection count of 8 (see Figure
6). Alternatively using tolerances (t; (0.1 min), mass accuracy (+/-5ppm)
and ACCS (<2%) 79 false detections could be removed. The
precursor/product ion spectra obtained for acetaminophen, caffeine and
theophylline are shown in Figure 6, (ACCS<0.6% and mass
error<3ppm). Endogenous melatonin has also been identified.
Ultimately using a rapid screening approach, only one false detection
was observed and identified as ketoprofen, however the observed
product ion spectra are characteristic of naproxen and likely to be a
naproxen biotransformation product. Results obtained with RGM-LC-IM-
MS approach also determined indicate that the subject patient, was
administered acetaminophen, naproxen and carbamazepine. The
metabolite carbamazepine-10, 11-epoxide was also detected as well as
caffeine and its biotransformation product theophylline, illustrating CCS
values of biotransformation products can be utilised to provide
secondary confirmation in a non-targeted xenobiotic screening strategy.
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Figure 5. I) RGM-LC-cIM-MS component summary for post-acquisition
processing workflow filtered detection results for screening using FDA
approved drug small molecule library, applied tolerance t. 0.1 min and
mass accuracy +/-5ppm (identified count 140). Il) Applied tolerance t,
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Figure 6. |) RGM-LC-cIM-MS component summary for post-acquisition
processing workflow filtered detection results for screening using an
FDA approved drug small molecule library, applied tolerance t, 0.1 min,
mass accuracy +/-5ppm, =1 product ion and ACCS <2% (identified
count 8). Il) Precursor/product ion spectra for a) acetaminophen, b)
caffeine and c) theophylline.

CONCLUSION

e The incorporation of CCS into mass spectrometry libraries and the
use in non-targeted screening workflows affords the opportunity to
increase specificity of identification, whilst simultaneously increasing
acquisition strategy flexibility.

e The complex biological matrix human urine was screened for
administered xenobiotic pharmaceuticals, using retention time, mass
accuracy, product ion count and CCS values. Comparable detection
rates were observed using LC-cIM-MS and RGM-LC-cIM-MS
methods.

e The research presented illustrates only one detection requiring
further investigation, where ketoprofen was observed, which could
be rationalized as a naproxen biotransformation product. Exogenous
xenobiotics and natural endogenous species have been identified.

e Inclusion of biotransformation products into mass spectrometry
libraries can provide additional confirmatory evidence when
performing pharmaceutical xenobiotic screening assays.
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