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Abstract

Over a 24-hour period LC-MS accurate mass measurement performance in negative ion electrospray (ES-) mode
has been assessed using a SELECT SERIES™ Multi Reflecting Time-of-Flight (MRT) mass spectrometer, for the
identification of multiple pharmaceutical therapeutic drugs and corresponding metabolites. An RMS error of 761
part-per-billion (ppb) has been obtained for 1813 metabolite detections, along with ppb mass accuracy for MSE

data independent analysis (DIA) fragment ions.

Precursor and fragment ion ppb accurate mass measurement has been obtained routinely and metabolite
identification performed using stringent post detection data processing tolerances. PPB mass accuracy enhances
confidence in identification of small molecule metabolite species detected for the urinary screening analysis

undertaken.

The UPLC-MSEF ES- non-targeted DIA assay has been performed at an acquisition rate of 10 Hz, with a system

mass resolving power >200,000 FWHM. Uncompromised acquisition duty cycle at high mass resolution facilitates
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optimum chromatographic peak fidelity and combined with ppb mass accuracy has enabled certainty in the

observation of coeluting isomeric species to be attained.

Overall ppb mass accuracy and fine isotope structure characteristics observed using >200,000 FWHM system
mass resolving power has facilitated the identification of metabolites of three therapeutic drugs present in a

patient's urine sample, where infrequently reported metabolites have been detected.

Benefits

Ultimate compound identification confidence and reduced false detection rates

Enhanced analysis efficiency
Routine ppb mass accuracy for precursor and DIA MSE fragment ions

Fine isotope structure can provide an additional criterion to enhance identification confidence for small

molecule therapeutic drugs and metabolites

Enhanced analyte detection in complex biological matrices using system mass resolving power >200,000

FWHM

Uncompromised 10 Hz acquisition duty cycle to retain chromatographic peak fidelity

Introduction

The SELECT SERIES MRT (Figure 1) is a state-of-the-art hybrid quadrupole MRT mass spectrometer. It provides
a unique combination of high mass resolving power (200,000 FWHM), and routine ppb mass accuracy,
independent of acquisition speed. High resolution mass spectrometers (HRMS) such as quadrupole time of flight
mass analyzers (Q-ToF), have become more prevalent as screening tools in many research areas e.g., food and
environmental analysis, natural product profiling, metabolomics, clinical, forensic toxicology, and metabolite

identification, where the constituents of interest are present in complex matrices.
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Figure 1. SELECT SERIES MRT instrument schematic.

The number of compounds screened for using targeted acquisition methodology is typically restricted and relies
upon reference standards to generate characteristic MS libraries; for a targeted analytical strategy mass spectral
data is not generated for unknowns. Mass spectrometry library databases (10’'s to 1000's of library entries)
incorporating retention time, molecular formula (accurate mass), and expected product ions are used to screen
for known analytes, using non-targeted acquisition strategies. Subsequently appropriate data processing filters
can be applied to determine the presence of a compound in a sample and reduce the false detection rate,
produced by thousands of analyte detections.! Although an analytical challenge, unbiased data acquisition is a
necessity to produce complete sample characterization, whilst simultaneously performing identification of

knowns and unknowns.

Utilizing an unbiased data acquisition strategy such as DIA where all precursor and fragment ions are acquired,
facilitates a representative profile of whole sample composition to be attained. Although DIA MSF acquisition is

not as selective as MS/MS or DDA strategies, the MSF specificity is enhanced using the MRT system resolving
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power >200,000 FWHM.? High mass resolution enhances ion selectivity of analytes in complex matrices,
subsequently providing high mass accuracy and detectability which in turn enhances analyte identification
confidence. Fragment ions can be mass resolved from coeluting isobaric matrix components. As a result,
retention time aligned precursor/fragment ions with high mass accuracy are observed, facilitating reliable CID
spectral interpretation. The number of possible elemental compositions generated with ppb high mass accuracy
data is reduced and consequently there is a high degree of confidence in analyte identification. MRT routine ppb
mass accuracy performance results in high quality mass spectrometry data, facilitating a high degree of
credence in analyte elemental compositions generated in non-targeted screening workflows. In conjunction with
fine isotope structure, enhanced mass accuracy specificity can be utilized to improve identification certainty in

research areas involving small molecules, such as metabolite identification.

A non-targeted urinary screen of a healthy human volunteer has previously been performed, using an ES+
metabolite identification workflow, with Ultra Performance LC™ coupled to a SELECT SERIES MRT (system
resolution >200,000 FWHM).[waters apps note: 720007896, April 2023] Naproxen, carbamazepine,
acetaminophen therapeutic drugs, and metabolites, were identified. To illustrate the comprehensive benefits of

high mass resolution performance a comparative ES- non-targeted urinary screen is presented.

Experimental

Sample Description

Human urine sample diluted 10:1 (H,0)
Carbamazepine dosage: 2 x 200 mg tablets.
Acetaminophen dosage: 2 x 500 mg tablets.
Naproxen dosage: 1x 500 mg tablet.

Sample time points: 0, 2, 4, and 6 hours after medication was administered.
LC Conditions

LC system: Waters™ ACQUITY UPLC I|-Class

Premier chromatograph
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Column: ACQUITY UPLC HSS T3 C4g (100 mm

X 21 mm, 1.8 yum) Column

Column temperature: 40 °C

Sample temperature: 4°C

Injection volume: 5puL

Flow rate: 0.5 mL/min

Mobile phase A: Water (containing 0.1% formic acid
v/Vv)

Mobile phase B: Acetonitrile (containing 0.1% formic
acid v/v)

Gradient Table

(T;Tne) ‘ (m':l_';’l:’in) ‘ %A ‘ %B ‘ Curve
0.0 0.5 mL/min 99 1 initial
1.0 0.5 mL/min 99 1 6
3.0 0.5 mL/min 85 15 6
6.0 0.5 mL/min 50 50 6
9.0 0.5 mL/min 5 95 6
10.0 0.5 mL/min 5 95 6
10.1 0.5 mL/min 99 1 6
12.0 0.5 mL/min 99 1 6

MS Conditions

Acquisition: ES-
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Capillary voltage: 1kV

Desolvation temperature: 500 °C

Source temperature: 120 °C

Cone voltage: 20V

MSE Collision energy ramp: 15-45 eV

Mass range: m/z 50-2400

Acquisition rate: 10 Hz
Acquisition/Processing software: MassLynx v4.2 SCN1026 and

waters_connect™ 3.1.0.243

Results and Discussion
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Figure 2. Example metabolites identified for a UPLC-MSE ES- human urinary screen, for therapeutic drugs

acetaminophen, carbamazepine and naproxen using a metabolite identification workflow.

Publication of the FDA MIST guidelines in 2008 initiated major changes in experimental strategies employed
within the pharmaceutical industry, to identify, quantify and improve metabolite coverage.* For drug candidates
developed in pharmaceutical discovery and development, formation of reactive and potentially toxic metabolites
during metabolism is a continuing challenge. In the case of the formation of acyl or ester glucuronidation which
have an association with drug toxicity, has led to instances of drug withdrawal.® Metabolite identification is an
important part of the drug development process where the metabolic fate of a drug molecule is investigated.
Time efficient clinical/nonclinical studies to generate biotransformation identification with certainty is essential.
Mass spectrometry techniques with high specificity are required for structural elucidation. Here we describe the
use of ACQUITY Ultra Performance LC coupled with a SELECT SERIES MRT, for the LC-MS analysis of drug
metabolites. A urinary screen of a healthy human volunteer has been performed to identify therapeutic drugs and
metabolites, using a metabolite identification workflow with LC-MS (resolving power >200,000 FWHM).
Performing UPLC-MSE ES+ and UPLC-MSE ES- provides a route to comprehensive analysis to characterize

knowns and unknowns.

Performing a LC-MS urinary screening of a healthy volunteer patient, therapeutics drugs acetaminophen

(analgesic), naproxen (nonsteroidal anti-inflammatory) and carbamazepine (anticonvulsant) were identified in
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the time course point samples (2, 4, and 6 hours post dose). Presented in Figure 2 are example metabolites
identified using UPLC ES- and Figure 3 shows an example of an MRT-LC-MS ES- chromatographic complexity
obtained at 10 Hz for the analysis of the biologically complex human urine sample. Using the extracted mass
chromatogram of carbamazepine-N-glucuronide as an example, 19 data points are obtained across a 3.6 second
base peak width. The corresponding continuum mass spectrum is shown in Figure 3 (Il), where mass resolution
>189,000 FWHM was obtained at m/z 411. The data illustrates UPLC ES- DIA analyses can be performed across
the mass range, where at low m/z, duty cycle is not compromised to retain high mass resolving power and

chromatographic fidelity is retained.

The therapeutic drugs discussed herein, ionize preferentially using ES+. However, using ES-, additional metabolite
confirmation and discovery can be attained where ES+ and ES- metabolite screening assays are performed. In
addition to improved ionization efficiency, for example in the case of phase Il glucuronide and sulfate conjugates.
Importantly identification confidence is enhanced where ES+ and ES- ppb mass accuracy is obtained routinely. As
shown in Table 1, RMS mass measurement error for acetaminophen sulfate (882 ppb), acetylcysteine
acetaminophen (740 ppb) and acetaminophen glucuronide (773 ppb) have been attained over a 24-hour period,
for repeat analysis of the human urine time course point samples. Overall, an RMS error of 761 ppb (detections
N=1813), has been obtained for the metabolites shown in Table 1, which are comprised of small molecules

between m/z 150 and m/z 427.
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Figure 3. MRT-LC-MS ES- expanded base peak ion chromatogram for the analysis of therapeutic xenobiotics and
metabolites identified in the urine of a healthy volunteer patient. a) acetaminophen glucuronide, b)
acetaminophen sulfate, c) carbamazepine-O-glucuronide, d) carbamazepine-N-glucuronide, and E) naproxen

glucuronide. Inset expanded extracted mass chromatogram of carbamazepine-N-glucuronide. Il) m/z 411 [M-H]

mass spectrum of carbamazepine-N-glucuronide.

Confidence in therapeutic drug xenobiotics and metabolite identification, is further enhanced where DIA

fragment ions are generated using MSE and resolved from matrix interference. In Figure 4 an example of 10 Hz
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UPLC MRT ES- precursor and fragment ion spectra obtained for [acetaminophen sulfate - H]™ is presented with
measurement error between -58 ppb (m/z 150) and 28 ppb (m/z 230). Sub 1ppm mass accuracy is observed for
fragment ion m/z 80, where mass resolution >115,000 FWHM at 10 Hz is attained respectively. Alongside routine
precursor/fragment ion ppb mass accuracy, characteristic fine isotope structure also provides an additional

identification criterion, as illustrated for the [M-H] A+1 and A+2 isotopes of acetaminophen sulfate (see Figure 4

().
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Figure 4. 1) 10 Hz UPLC MRT ES- precursor and fragment ion spectra obtained for [acetaminophen sulfate -H]". II)
[Acetaminophen sulfate -H]" confirmatory fine isotope structure obtained using 10 Hz UPLC MRT ES-.

In the case of Naproxen, using ES+ chromatographic peak shape characterization 1-B-O and 2, 3, 4-O isomeric
acyl glucuronide ES+ [M+Na]* species were observed at t,= 5.59, 5.69/5.73 (coeluting) and 5.86 minutes,
corresponding [M-H] species have been detected routinely with ppb mass accuracy, providing additional

identification confidence.®’ For these species greater ES- ionization efficiency has enabled an additional
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isomeric naproxen acyl glucuronide species to be identified at 5.95 minutes, with an RMS mass measurement
error of 744 ppb. Also, ppb mass accuracy for the observed fragment ions reinforces certainty in the identification

of the unknown isomeric entity (see Figure 5).
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Figure 5. 10 Hz UPLC MRT ES- precursor and fragment ion spectra obtained for [naproxen glucuronide-H]J".

Desmethyl naproxen glucuronide [M-H]™ species corresponding to the ES+ [M+Na]* have been detected, which
is observed at t, 4.83 minutes, and identification was determined with a precursor ion RMS mass measurement
error of 950 ppb. It has been reported that 95% (85% are naproxen glucuronide or 6-O-desmethly naproxen
glucuronide) of orally administered naproxen and its metabolites are recovered in urine.® Absence of a free
naproxen hydroxyl group determines that naproxen sulfation is not observed. Although not commonly reported,
sulfation of 6-O-desmethyl naproxen is observed. It accounts for 11% of dose and desmethyl naproxen sulfate
(IM-H] m/z 295) has been identified at t, 4.75 minutes, where mass accuracy of 21 ppb is illustrated (see Figure
6 (1)).° The metabolite identification is confirmed with a high degree of confidence, where product ions m/z 171
m/z (261 ppb) and m/z 143 (28 ppb) have been determined. Additionally characteristic fine isotope structure
provides another identification criterion (see Figure 6 (111)).'%" In the DIA fragment spectrum illustrated in Figure
6, a peak at m/z 331 is observed, this peak also has fine isotope structure indicative of a species with an
elemental composition inclusive of sulfur (shown in Figure 6 (l11)). Using ES- metabolite identification workflow, it
was determined that a phase Il sulfonated biotransformation product of carbamazepine had been observed. Such

metabolites are also not commonly reported, however at t, 4.75 minutes the precursor ion m/z 331 (68 ppb) and
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fragment ions (m/z 251 (216 ppb)/m/z 208 (68 ppb) are observed.'”'® The routine and reproducible attainment of
ppb mass accuracy precursor and fragment ion spectra obtained provides additional support for proposed
identification of a carbamazepine hydroxy sulfate metabolite. From Figure 6, it can be seen, using DIA with sub
ppm mass accuracy there is correlation of the respective fragment ions of desmethyl naproxen sulfate and
carbamazepine hydroxy sulfate species, illustrating highly specific data has been obtained using a DIA

acquisition strategy.

Finally, the observed time course response profile is indicative of a true biotransformation, where observed
biotransformation species are not detected in time course point TO or exhibit a different response than the latter
time course points analyzed. To assess ES- assay robustness and mass accuracy, the experiments performed
comprised replicate injections of solvent blank (N=3), post dose time course points 0, 2, 4, and 6 hours, with
repeat data set analyses carried out continuously over a 24-hour period. In Figure 7 we illustrate reproducibility via
the metabolism trend plots of therapeutic xenobiotics identified, acetaminophen, carbamazepine-O-glucuronide,

and naproxen.
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Figure 6. ES- data independent analysis precursor and fragment ion spectra obtained for coeluting 1) [desmethyl
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naproxen sulfate - H]" and Il) [carbamazepine-O-sulfate - H]". Ill) (A) carbamazepine-O-sulphate™ and (B)

desmethyl naproxen sulfate confirmatory A+2 fine isotope structure obtained using 10 Hz UPLC MRT ES-.

Exploring the Impact of Part Per Billion Mass Accuracy for Metabolite Identification using Multi Reflecting Time 0125
Flight MS with UPLC™ Part B



«{ Acetaminophen sulfate .

3.5e51 = R ™ 332‘554
GJ 3e5
2 \
O e 213578 210920
% - \““—-'19- I — 192847 13713
I 1.565

100000

. TOh T2h T4h T6h

Sample Injection
Naproxen glucuronide ‘
[} Bes
UJ 687298 689687 694357
c =
Q «
N -
Q R *_,:Lfﬁ_ :;:iss/
m de5
TOh T2h T4h T6h
Sample Injection
Carbamazepine-O-glucuronide

L 65800 6450 ea1rs

60000
0]
1]
[ 50000-
2
a 40000
Q
m 0000 ?-('.15!

20000

’ TOh T2h T4h T6h

o

Sample Injection
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RMS error | Retention time

Therapeutic xenobiotic/metabolite Adduct ‘ 11V/4 ’ Spb [t mintes
Acetaminophen sulfate [M-H] 230.01287 882 2,72
Acetaminophen glucuronide [M-H] 326.08814 773 2.40
Acetaminophen acetyl cysteine [M-H] 311.07072 740 3:53
Acetaminophen sulfate [M-H] 230.01287 928 2i55
10 11-dihydroxy carbamazepine glucuronide [M-H] 443.10960 585 4.32
Carbamazepine-N-glucuronide [M-H] 411.11977 719 5.16
;ﬁ;ﬁi:ﬁi‘i’gfqO’H'epox'de' [M-H]- 42711469 716 473
2g:;2ﬁ¥g:g¥:£ﬁ:ggj;hyl_1O_Carbamoyl [M-H]- 44512525 654 4.02
10,11-Dihydro-10,11-dihydrox

Carbamayzepine glucur):midey [M-HI 445.12525 709 4.42
Z;%ir:ggixl;l?];g:rbamoyl [M-H]- 42913034 664 5.03
carbamazepine-O-glucuronide 1 [M-HT 42711469 745 418
carbamazepine-O-glucuronide 2 [M-HT 42711469 687 4.24
carbamazepine-O-glucuronide 3 [M-H] 42711469 641 4.47
carbamazepine-O-glucuronide 4 [M-H] 42711469 791 4.88
carbamazepine-hydroxy-sulfate 1 [M-H] 331.03942 784 4.62
carbamazepine-hydroxy-sulfate 2 [M-H] 331.03942 814 4,75
carbamazepine-hydroxy-sulfate 3 [M-H] 331.03942 865 5.24
Naproxen glucuronide 1 [M-H]- 405.11911 663 5.59
Naproxen glucuronide 2/3* [M-H] 405.11911 540 5.68/5.73
Naproxen glucuronide 4 [M-HT 405.11911 734 5.85
Naproxen glucuronide 5 [M-HT 405.11911 744 5.95
Desmethyl naproxen glucuronide [M-HT 39110346 950 4.83
Desmethyl naproxen sulfate [M-HT 295.02818 866 4,75

Table 1. RMS accurate mass measurement obtained for detection of therapeutic xenobiotics and metabolites for

analyses performed over a period of 24 hours using UPLC ES-.

Conclusion

Routine ppb mass accuracy has been attained for precursor and fragment ions when performing a complex
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urinary non-targeted screening analysis using LC-MS negative ion electrospray at 10 Hz, which encompassed a
system resolving power of >200,000 FHWM. Achieving RMS 754 ppb level mass accuracy over a 24-hour period
has enabled confident identification of major and minor metabolites of a combination of therapeutic drugs, in the
urine samples of a volunteer patient. Overall, the high- resolving power ppb mass measurement performance
illustrated, reduces the number of potential elemental compositions determined for small molecule identification,
which is substantially beneficial when dealing with knowns and unknowns. In the case of naproxen, five O-
glucuronide species were identified, although not all fully resolved, the fifth identification could be made with
certainty where isomeric chromatographic fidelity was retained at 10 Hz duty cycle. Combined with
precursor/fragment ion ppb mass accuracy, confidence could be had from the informatics metabolite workflow
assignment. In this complex analysis fine isotope structure has proven to be an invaluable and additional
identification criterion, acquired characteristic isotopologue profiles have been compared to the theoretical. This
has added confidence to metabolite identification, as illustrated for the identification of phase Il metabolite
desmethyl naproxen sulfate coeluting with a sulfonate hydroxy carbamazepine biotransformation species. These
identifications illustrate the interdependent correlation between data quality and informatics solutions output,
ppb mass measurement for DIA precursor ion and fragment ions providing a high degree of specificity for non-
targeted analytical acquisition strategies. Transformative mass measurement resulting from greater mass
resolving power affords the opportunity to improve informatics output and moreover study efficiency, in the drug
discovery and development process. High resolving power mass spectrometry facilitates implementation of more
stringent informatics data processing filters, enhancing credence in the identification of parent drug, metabolite

precursor, expected fragment ions, and in-silico fragment ions.

The ppb mass accuracy performance of 10 Hz UPLC-MRT- MSE has been shown in the context of a metabolite
identification workflow, where duty cycle facilitating chromatographic fidelity and routine ppb mass accuracy

affords the opportunity to enhance identification confidence in many small molecule application areas.!”~®
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