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Goal
To demonstrate an automated acquisition and data processing workflow 
that takes advantage of high-resolution, accurate-mass LC-MS/MS, 
multiple fragmentation modes, and data processing algorithms to achieve 
simultaneous quantitative and qualitative analysis of metabolite stability.

Metabolite Stability Screening and Hotspot 
Metabolite Identification by Combining 
High-Resolution, Accurate-Mass 
Nonselective and Selective Fragmentation
Tim Stratton, Caroline Ding, Yingying Huang, Dan Schaeffer; Thermo Fisher Scientific, San Jose, CA

Introduction
Early screening of drug candidates for favorable in vitro 
metabolic stability can provide a window on potential 
pharmacokinetic performance and interspecies scaling and 
offer feedback to medicinal chemistry to improve upon 
compound series. Historically these screening assays used 
triple-stage quadrupole mass spectrometers, which 
provide good quantitative data but require compound-
specific tuning. Qualitative data was limited without 
significant additional method development. We present 
here the use of a benchtop high-resolution, accurate-mass 
mass spectrometer coupled with acquisition and 
processing software for simultaneous quantitative  
and qualitative (quan/qual) analysis of in vitro samples.

Experimental
Sample Preparation
Nortriptyline, alprenolol, and carbamazapine (0.5 µM) 
were incubated with human liver S9 (0.5 mg/mL) over  
a 30 minute timecourse with duplicate samples taken at 
10 minute intervals. Incubates were stopped by the 
addition of one half volume of cold Fisher Chemical 
acetonitrile. After centrifugation, 5 µL aliquots of the 
supernatant were injected for analysis by liquid 
chromatography/mass spectrometry (LC/MS). 

Liquid Chromatography 
Injection and separation were performed using an  
LC consisting of a Thermo Scientific Open Accela 
autosampler and Accela 1250 pump. Samples were 
separated on a Thermo Scientific Hypersil GOLD column  
(20 x 2.1 mm, 1.9 µm particle size) at a 400 µL/min flow 
rate. The gradient is described in Table 1.

Mass Spectrometry
All data was acquired on a Thermo Scientific 
Q Exactive hybrid quadrupole-Orbitrap mass 
spectrometer (Figure 1). Samples were acquired using 
full scans (m/z 50–750, 70,000 resolution) with 
fragmentation data acquired by either quadrupole 
isolated, precursor-selected MS2 scans (17,500 
resolution) or all-ion fragmentation (AIF) scans  
(m/z 50–750, 35,000 resolution), HCD fragmentation 
was performed at 35% normalized collision energy 
(nCE).

Data Analysis
All data was processed using Thermo Scientific  
MetQuest software version 1.1 for quan/qual analysis. 
Thermo Scientific Mass Frontier software version 7.0 
SR1 was used for predictive fragmentation. 

Time (min) % A % B

0.0 98 2

0.5 98 2

1.5 5 95

2.0 5 95

2.2 98 2

3.0 98 2

Table 1. HPLC conditions
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Results and Discussion

Simultaneous Data Acquisition and Processing
Data acquisition and processing within MetQuest™ 
software is performed through use of an experiment-
oriented workflow. A sample sequence, with associated 
instrument method and processing method(s), is saved 
and used for acquisition and processing (Figure 2). 
Real-time acquisition and processing views allow the 
progress of the analysis to be monitored.

For this study, the mass spectrometer was tuned 
using verapamil to optimize source conditions. This was 
done to demonstrate that the acquisition does not need 
to be optimized for every compound to achieve accepta-
ble quantitative and qualitative data. 

Processing Parameters – Peak Detection and Integration
MetQuest software processes the acquired data using 
a set of user options that are saved as a processing me-
thod, analogous to the instrument method used for the 
acquisition. For this experiment, the processing method 
required component peaks to contain a minimum of 5 
points and an allowed mass tolerance of 5 ppm. In ad-
dition, any potential metabolite detected was required 
to have a peak area that increased by more than 2-fold 
when compared to the time 0 (t0) control. 

Figure 1. Q ExactiveTM benchtop Orbitrap MS system with Open Accela™ 
autosampler and Accela 1250 pump

Integration of the detected components was done 
using a peak detection and integration algorithm that 
minimized the need to enter multiple peak integrati-
on parameters. The algorithm attempts to model the 
elution of a detected peak and return the area under the 
modeled fit. Figure 3 shows the modeled area for nortrip- 
tyline at 20 minutes in the first replicate.

Quan/Qual Data Review
MetQuest software provides the option of examining 
the results after data processing is completed. Users can 
adjust peak integration, exclude certain data points, and 
such within the Data Review pane. Filtering the data to 
focus on metabolites of interest can be done by apply-
ing formation (% of Parent area at t0) or elemental 
composition filters (Figure 4). For this study, the data 
was filtered using both a formation of at least 2.5% of 
parent area at t0 and at least one elemental composition 
prediction with a score greater than 0.

Compound stability and metabolite formation 
are displayed through the appearance/disappearance 
(A/D) plot. This visualization was used determine if a 
component was truly a metabolite by showing whether 
or not a logical metabolic formation profile was 
obtained.

For qualitative assessment, the program selected 
the most appropriate fragmentation spectrum to 
display for each component. That spectrum was then 
scrutinized for key diagnostic fragments to confirm that 
detected components were related. If a precursor-ion-
selected MS2 spectra was available for the component, 
it was displayed. Otherwise, the most intense all-ion 
fragmentation scan was displayed.

Using only elements appropriate to the metabolite 
under consideration, elemental compositions are 
provided along with a score and mass delta. The 
spectral fit score indicates how closely the real isotope 
pattern matches the proposed elemental composition 
(Figure 5).

Hotspot Structural Analysis – Elemental Composition
Elemental composition determination was based on the  
accurate mass and intensity ratio measurement of 
the isotope cluster. To ensure speed and accuracy, the 
number of each element was intelligently constrained 
to the number of occurrences within the parent plus the 
maximum occurrences found in any species within the 
biotransformation list. This intelligent elements-in-use 
approach ensures that an elemental composition can 
be proposed for a metabolite that contains elements 
not found in the parent, as can be seen in Figure 6 for 
nortriptyline, which does not contain oxygen. This 
approach prevents the user from having to customize 
element lists for each compound or use a general broad 
list that might give multiple false positives.
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Figure 2. Acquisition and processing in MetQuest software version 1.1

Figure 3. Automatic peak integration of nortriptyline

Hotspot Structural Analysis – Diagnostic Fragments
In addition to the elemental composition, the identities 
of the major metabolites were based on exact-mass 
information, leading to more confident identification. 
Data-dependent fragmentation ensured confident iden-
tification of most metabolites, but MS/MS information 

was also gathered on all of the minor components by 
the all-ion fragmentation scans. Figure 7 shows how 
the all-ion fragmentation data provided a safety net 
allowing for diagnostic fragment confirmation for a 
minor nortriptyline metabolite.
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Figure 4. Filtering the Data Review pane

Figure 5. Elemental composition and spectral fit
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Figure 6. Intelligent Elements in Use setting for nortriptyline
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Figure 7. All-ion fragmentation of desmethyl oxy-nortriptyline compared to the precursor-selected MS2 
fragmentation of nortriptyline
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Conclusion
A high-resolution, accurate-mass quantitative and 
qualitative workflow enabled by MetQuest software and 
a Q Exactive mass spectrometer increases productivity in 
drug discovery labs by extracting more information from 
each assay performed.

• The	Q	Exactive	benchtop	high-resolution,	accurate-
mass instrument provides the scan speed, sensitivity,
and fragmentation data needed for accurate quan/qual
analysis.

• MetQuest	software	enables	automated	acquisition
and processing, providing quan/qual data from a
single experiment.

• Software	algorithms	and	the	high-resolution,	accurate-
mass data reduce interference from chemical noise
and increase confidence in the results.

• A	generic	tune	file	and	acquisition	method	can	be
used for all compounds, eliminating the need for mass
spectrometry method development.

• HR/AM	full-scan	and	fragmentation	data	enable
additional component analysis without re-running
the experiment.

Compound
% Remaining (n=2)

0 10 20 30

Alprenolol 100   63.3 55.3 52.5

Carbamazapine 100 104.8 90.4 92.6

Nortriptyline 100   33.4  11.8  0.6

Table 2. Metabolic stability of three study compounds

Metabolite Max % Elemental 
Comp. Fit Accuracy 

(ppm)
Proposed 
Structure
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Table 3. Metabolite data for nortriptyline metabolites

Results and Reporting
Table 2, taken directly from MetQuest software, shows 
the relative stability of the three compounds studied. 
With a typical quadrupole-based stability screening 
study, this is as far as the data will take you. With a 
quan/qual workflow possible with the Q Exactive MS, 
we also obtain metabolite information from the same 

samples, allowing us to extract more information from 
our samples and instrument time. Table 3 shows the 
metabolites identified for nortriptyline (C19H22N) whose 
formation was above 2.5% of the parent at time 0. The 
elemental compositions, mass accuracy, and structural 
information were also determined.


