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Extraordinary discoveries demand extraordinary proof

Breaking the limits: An ultra-sensitive complementary
fragmentation for the confident identification and
characterization of drug metabolites

EAD, on the ZenaTOF 8600 system, with improved front-end
technology, advanced optical detector and the Zeno trap.

Rahul Baghla, Ebru Selen, Jason Causon, Eshani Galermo and
Zoe Zhang
SCIEX, USA

Key benefits for metabolite identification and

This technical note demonstrates an ultra-sensitive method for
confidently identifying and structurally elucidating drug
metabalites (Figure 1), leveraging the enhanced MS1 and
electron-activated dissociation (EAD] MS/MS sensitivity of the
ZenoTOF 8600 system.

characterization using the ZenoTOF 8600 system

¢ Identify metabolites with confidence: Unique fragments
were generated using an ultra-sensitive methad on the
ZenoTOF 8600 system with EAD, providing confident

Metabolite identification studies are essential to drug discovery identification of critical drug metabolites

and development, and they are often conducted using LC-MS e
e Enhanced sensitivity in MS1 and EAD MS/MS mode:

Achieve improved MS1 and EAD MS/MS signal compared to
the ZenoTOF 7600 system for structural elucidation of
phase | and phase Il drug metabolites with the Optiflow Pro

due to their high sensitivity and characterization capabilities.
Drug metabolite structures with lahile functional groups can
often lose information with CID. Thus, complementary
fragmentation methods such as EAD have gained recognition

ion source and an advanced optical detector
with the earlier generation ZenoTOF 7600 system, as they P

preserve labile functional groups and provide infarmation-rich .
spectra. EAD spectra consist of unigue fragments for more
reliable drug metabolite analysis identification.*™ Additionally,
identifying low-abundant metabalites or detecting critical
fragments with trace abundance is always a challenge due to
low sensitivity. Here, an enhanced sensitivity information-rich
fragmentation technigue enables users to achieve increased
confidence in metabolite structure assignments by utilizing

Improved robustness: Perform robust metabalite
identification workflow with reduced downtime compared to
the ZenoTOF 7600 system, using the Mass Guard
technology

Streamlined workflow: Manage data using a single platform
on SCIEX OS software, with the integrated Molecule Profiler
software
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Figure 1. Significantly improve MS1 and EAD MS/MS sensitivity for confident identification of drug metabolites using the ZenoTOF 8600 system. A representative
drug metabolite example, Propranalol N glucuronide is shown where a 30x higher signal in MS1 and 13x higher average EAD MS/MS signal. using EAD was achieved
compared to ZenoTOF 7600 system. Unique EAD fragments, m/z 188.1280 and m/z 374.1963, were applied for the confident identification of the Propranalol N
glucuronide using the ZenaTOF 8600 system. In comparison, both EAD fragments were observed at <10 cps in signal on the ZenoTOF 7600 system.



Introduction Table 1. LC gradient for drug metahbolite identification.

Drug metabolite analysis is a critical analytical method in drug Time (min) Mabile phase A (%) Mabile phase B [%)

discovery and development, providing crucial infarmation about 0.0 95 5
the drug’s metabolism and potential toxicity. Early stages of
drug discovery involve in vitro studies to evaluate the drug's
metabolic stability through incubation in liver microsomes or 5.0 50 50
hepatocytes, which can provide a mare physiological

0.5 95 3

7.0 S 95
environment and a comprehensive picture of the metabolic
outcome. 9.0 S 95
Drug metabolites can vary in abundance and structure; 91 95 5
therefore, analytical platforms such as LC-MS have been crucial 10 g5 5
in detecting and characterizing metabolites. The ZenoTOF 8600
system provides improved sensitivity for detecting metabalites
at low levels and EAD to capture unique fragments for more Mass spectrometry: Samples were analyzed using the data-
confident structure assignment, compared to the ZenoTOF dependent acquisition ([DDA] methaod for identification and Zeno
7600 system. EAD MRMMR for comparative sensitivity analysis on the ZenoTOF

8600 system (2 separate experiments). Table 2 summarizes the
Methods source and gas conditions, and Table 3 summarizes the Zeno
DDA methaod conditians.

Sample preparation: Midazolam, diltiazem and propranolol

(Figure 2] at a starting concentration of 1 uM were incubated N
Table 2. Source and gas conditions.

with rat liver hepatocytes [1e® cells] in the CryostaX hepatocyte

incubation media (BIO-IVT) at 37°C. Samples were collected at Parameter Value

60 minutes. Protein crash was performed on the total Polarity Positive
incubation valume (0.2 mL] using 0.6 mL of acetonitrile.

, , Gas1 60 psi
Samples were centrifuged at 13000 rpm for 10 mins and the
supernatant was transferred to a vial for analysis. Gas 2 65 psi
Chromatography: Analytical separation was performed on the Curtain gas 45 psi
ExionLC AD system using a Phenomenex Kinetex XB-C18 [2.1 X Source temperature 550°C
50 mm, 2.6 ym] column at a 0.5 mL/min flow rate. Mabile phase
lon spray voltage 2500V

A was 0.1% [v/v] formic acid in water and mohile phase B was
0.1% (v/v) formic acid in acetonitrile. The column temperature CAD gas 7

was set to 40°C. The gradient conditions used are summarized

in Table 1. A 5 yL sample injection was used for analysis.
Data processing: SCIEX OS software, version 4.0 was used for

data acquisition. Molecule Profiler software, version 1.3.4 was
used to identify biotransformation sites using Zeno CID DDA and
Zeno EAD DDA data.


https://www.phenomenex.com/products/kinetex-hplc-column/kinetex-xb-c18#order
https://www.phenomenex.com/products/kinetex-hplc-column/kinetex-xb-c18#order

Table 3. Zeno DDA parameters using the ZenoTOF 8600 system.

Parameter Value

Method duration 10 mins

TOF MS m/z 100-1000
Start-stop mass
TOF MS accumulation time 0.050s
Maximum candidate ions 4
TOF MS/MS m/z 70-700
Start-stop mass
TOF MS/MS accumulation time 0.06s
Electron kinetic energy (EAD] 12V
Reaction time [EAD] 20 ms
Electron beam current (EAD) 7000 nA
Zeno trap ON
Zeno threshold 20,000 cps
Time bins to sum 6

Ultra-sensitive MS1 and EAD MS/MS for phase |

and |l metabolite identification and
characterization

In vitro incubations of midazolam, diltiazem and propranolol
were performed in rat liver hepatocytes. MS1 and Zeno EAD data
were collected on the ZenoTOF 8600 system and compared with
data from the ZenoTOF 7600 system. MS/MS data evaluation
between the 2 MS platforms was performed using signal
intensity (cps) due to the negligible noise levels observed. For
data processing and analysis, Malecule Profiler software,
integrated into SCIEX OS software, was applied.

Phase | metabolites, such as oxidation and cleavage
metabolites of propranclol and diltiazem, were evaluated using
ZenoTOF 8600 system and the results were compared to those
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Figure 2. Structures of midazolam, diltiazem and propranolol.

Midazolam Propranolol

from the ZenoTOF 7600 system. A loss of CoH20 from diltiazem
was identified, as shown in Figure 3.° MS1-based analysis of the
deacetyl diltiazem demonstrated a 9x better signal response aon
the ZenoTOF 8600 system compared to the ZenoTOF 7600
system, while the EAD MS/MS spectra provided a 6x signal
improvement. As a result, the ZenoTOF 8600 system
demonstrated an ultra-sensitive platform for both MS1 and
MS/MS level identification of phase | metabalites.

Figure 4 shows the EAD MS/MS spectra of 4-hydroxy midazolam
metabolite on both MS platforms. On average, a 5x higher EAD
MS/MS signal was observed on the ZenoTOF 8600 system
compared to the ZenoTOF 7600 system. The enhanced
sensitivity of the ZenaTOF 8600 system enabled a more
confident identification of 4-hydroxy midazolam metabolite,®
where 4 unique EAD fragments (m/z 180.0211, m/z 204.0442,
m/z 242.0842 and m/z 277.0543] were identified (Figure 4).
Here, the evaluated fragments fram EAD indicated mass errar
<5 ppm, further ensuring confident identification. In
comparison, the 4 fragments were observed at <100 cps in
signal on the ZenoTQOF 7600 system and, therefore, could not
contribute to the localization of the hiotransformation.

Phase Il metabalites, such as glucuronides, were also evaluated
using the ZenoTOF 8600 system. The chemical structure of
propranolol suggests the probability of forming both Nor O
glucuronide metabolites. MS1-based analysis on the ZenoTOF
8600 system and ZenoTOF 7600 system showed 2 glucuronide
metabolite peaks. A 30x improvement in MS1 signal was
observed on the ZenoTOF 8600 system compared to the
ZenoTOF 7600 system (Figure 1). As demonstrated in previous
publications,** EAD is essential for maintaining the integrity of
glucuronide during fragmentation, where sensitivity is crucial for
accurate fragment assignment. Here, EAD MS/MS spectra were
evaluated for the glucuronide peak at 2.661 min (ZenoTOF 8600
system) and 2.625 min (ZenoTOF 7600 system]. A 13x
improvement in EAD MS/MS signal was observed, given the
greater sensitivity on the ZenoTOF 8600 system. As a result, this
enabled the identification of unigue EAD fragments (m/z
188.1280 and m/z 374.1966]) and proposed propranolaol N
glucuronide metabolite structure, the evaluated EAD



Phase | metabolite identification: Deacetyl diltiazem metabolite
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Figure 3. Improved MS1 and EAD MS/MS sensitivity for phase | metabolite identification of deacetyl diltiazem metabolite. Deacetyl diltiazem demonstrated an 8x
higher MS1 signal and a Bx greater average EAD MS/MS signal an the ZenoTOF 8600 system than on the ZenoTOF 7600 system.

Phase | metabolite identification: 4-hydroxy midazolam metabolite
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Figure 4. Enhanced EAD MS/MS sensitivity for phase | metabalite identification of 4-hydroxy midazolam metabolite. 4-hydroxyl midazolam metabalite demonstrated
a 5x higher average EAD MS/MS signal on the ZenoTOF 8600 system. Here, 4 unique EAD fragments (m/z 180.0211, <4 ppm; m/z 204.0442, <5 ppm; m/z 242.0842, <3
ppm; m/z 277.0543, <2 ppm) were confidently identified as a result of the greater sensitivity provided by the ZenoTOF 8600 system. All EAD fragments were observed

at <100 cps in signal on the ZenoTOF 7600 system.




fragments had a mass error of <1ppm [Figure 1). However, on
the ZenoTOF 7600 system, both EAD fragments had a signal

intensity of <10 cps and, therefore, did not have a significant
contribution to the localization of glucuronidation.

EAD MS/MS spectra fram 4-hydroxy propranolol glucuranide
were evaluated on both MS platforms (Figure S]. On average, a
9x greater EAD MS/MS signal was observed on the ZenoTOF
8600 system. Unigue EAD fragments (m/z 292.0932, m/z
304.1543, m/z 336.0837 and m/z 362.1592] were detected with
high confidence, directing towards unambiguous

identification of 4-hydroxy propranclol glucuronide.” The
enhanced identification and characterization were achieved
owing to the greater signal sensitivity demonstrated by the
ZenoTOF 8600 system. On the contrary, fragments m/z
292.0932, m/z 336.0837 and m/z 362.15392, were <25 cps in
signal, while fragment m/z 304.1543 was <120 cps in signal on
the ZenoTOF 7600 system. Therefare, the signal intensity was
not significant enough to enable identification of the metabalite
and the corresponding modifications.
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Figure 5. Enhanced EAD MS/MS sensitivity for phase |l metabolite identification. 4-hydraoxy propranolol glucuronide metabolite demonstrated a 9x greater average
EAD MS/MS signal improvement. A set of 4 unique EAD fragments (m/z 292.0932, <4 ppm; m/z 304.1543, <1 ppm; m/z 336.0837, <2 ppm; m/z 362.1592, <2 ppm] were
confidently identified using the ZenaTOF 8600 system with the increased EAD MS/MS sensitivity. In comparison, fragments m/z 292.0932, m/z 336.0837 and m/z
362.1592, were <25 cps in signal while fragment m/z 304.1543 was <120 cps in signal on the ZenoTOF 7600 system.




Conclusions

Generation of unigue fragments enabled the confident
identification of critical phase | and phase Il drug
metabolites using EAD on the ZenoTOF 8600 system.
EAD-based fragment identification was performed with
mass error <5 ppm.

Enhanced sensitivity was demonstrated using MS1 and
EAD MS/MS made on the ZenoTOF 8600 system
compared to the ZenoTOF 7600 system, enahling more
confident structural characterization of phase | and
phase Il drug metabolites with the new front-end Optiflow
Proion source and an advanced optical detector

Robust metabolite identification was performed using the
Mass Guard technology on the ZenoTOF 8600 system,
enabling increased instrument uptime to support lab
productivity compared to the ZenoTOF 7600 system

Data acquisition, management and processing were
performed using a single platform on SCIEX OS software
with the integrated Malecule Profiler software
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