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Overview
Purpose: To demonstrate the use of an automated acquisition and processing
workflow for simultaneous Quan/Qual analysis of metabolic stability screening data.
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Results
Simultaneous Data Acquisition and Processing

Sample acquisition and processing within MetQuest software is performed through the

FIGURE 3. Data Review Pane Allowing for Reintegration and Data Exclusion.Data Processing – Expected and Unexpected Metabolites

Components on the peak list were automatically compared to control injections and
those components found to be equivalently abundant in the controls (time = 0 min
incubation samples) are removed from the final component table. Equivalently

Component Elemental Comp. Spectral Fit Accuracy (ppm)

Dextromethorphan C18H26NO 100.0 -0.99

Table 2. Elemental Composition Results Provided for Dextromethorphan and its
Six Most Abundant Metabolites.

The software enabling this workflow utilized a benchtop high resolution accurate mass
(HRAM) instrument for acquisition and novel algorithms for processing.

Methods: Timecourse samples of dextromethorphan were acquired using HRAM full
scan and automatically processed by Thermo Scientific MetQuest software to identify
components which may be metabolites. Components whose accurate mass value fell

Sample acquisition and processing within MetQuest software is performed through the
use of an experiment oriented workflow. A sample sequence, with associated
instrument method and processing method(s) is saved and submitted for acquisition
and processing (Figure 1). 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
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abundant signals in this experiment was defined as those that increased less than 3X
from the control. Any component observed in a control that increased more than 3X
was retained, while those that increased less than 3X were removed. The list of
components was then compared against a database of expected modifications to
determine if any component found matched an expected biotransformation of
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-CH2_1 C17H24NO 94.35 -1.42

-CH2_2 C17H24NO 100.0 -0.82

+O 1 C18H26NO2 94.33 -1.61p y p
within tolerance (5 ppm) of an expected modification were assigned a tentative
identification. In addition, the five most abundant components not present in the control
and not matching an expected modification were also requested. All ion fragmentation
data were also collected, cleansed, and used for qualitative assessment to confirm the
identity of the metabolites.

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

Acquisition consisted of a full scan at 50,000 resolution between 100 – 1000 m/z in
positive mode followed by an AIF fragmentation scan also at 25,000 resolution

dextromethorphan. The list of expected modifications is an editable list which can be
customized for different types of incubations (i.e. microsomes vs. hepatocytes), or
structure motifs (common prodrug groups lost to metabolism). Since expected
metabolism alone is insufficient for a complete study, the software also looked for the
top 5 unexpected metabolites by comparing the timecourse samples with controls for
th f t t t i th t l
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+O_2 C18H26NO2 100.0 -1.08

-C2H4_1 C16H22NO 86.47 -2.02

CH2+O 3 C H NO 93 74 1 60
Results: A total of eight expected metabolites were identified with relative abundances
above 1% of the parent area at time 0. Multiple minor expected metabolites (<1%)
were also detected but excluded from reporting. In addition, 4 unexpected metabolites
were detected which, upon review of their formation profiles and fragmentation spectra,
were determined to be matrix related and also excluded.

FIGURE 1. Processing and Sample Setup within MetQuest.

between 100-1000 m/z.

Data Processing – Chemical Noise Cleansing

Full scan MS and MS/MS data often contains unwanted signals from chemical noise. It
can come from contaminants in the mobile phases, column, or sample matrix. Often
the chemical noise constitutes constant background signals Using novel algorithms

the appearance of new components not present in the controls. -CH2+O_3 C17H24NO2 93.74 -1.60

After review, reports were automatically generated that included an overall summary
report of relative quantitative data including an appearance/disappearance plot (Figure
5) as well as tabulated results for parent compound and each metabolite. Also, awere determined to be matrix related and also excluded.

Introduction
Early screening of drug discovery candidates for favorable in vitro metabolic stability
can provide a window on potential pharmacokinetic performance interspecies scaling

the chemical noise constitutes constant background signals. Using novel algorithms,
MetQuest software can remove these signals and generate a separate raw file
cleansed of such chemical noise. The original raw file is preserved as well. Shown in
Figure 2 are the extracted ion chromatograms (XIC) for four ions observed in the
spectrum at 1.96 min. Their elution profiles indicate that the top two ions
(m/z171 1491 and m/z391 2838 ) are from chemical noise while the bottom two ions

detailed report was generated by the software that included information such as
fragmentation data, elemental composition and Spectral Fit score, mass accuracy,
predicted biotransformation, and formation profile.

In addition, all the relevant data on the study was also provided as a comma separated
variable (csv) output for subsequent incorporation into a database or LIMScan provide a window on potential pharmacokinetic performance, interspecies scaling,

and also provide feedback to medicinal chemistry to improve upon compound series.
Historically these screening assays are analyzed using triple quadrupole mass
spectrometers which provide good quantitative data but require compound specific
tuning. Qualitative data is limited without significant additional method development.
We present here the use of a benchtop high resolution accurate mass instrument

(m/z171.1491 and m/z391.2838 ) are from chemical noise while the bottom two ions
(m/z344.2274 and m/z288.1953) are from valid components. The MS spectra below
shows that m/z171.1491 and m/z391.2838 were removed in the cleansed data (right
spectra)

FIGURE 2. Chemical Noise Peaks Cleansed from the Original Data and Written 
t N R Fil

FIGURE 5. Summary Report A/D Plot of Dextromethorphan and Metabolites.
Hotspot Structural Analysis – Elemental Composition and Diagnostic Fragments
One of the strength of the HRAM quan/qual workflow is the availability of metabolite
structure information The identity of the major metabolites was determined based on

Time Course Plot of Expected Metabolites
Dextromethorphan C2H4 1 CH2 1

variable (csv) output for subsequent incorporation into a database or LIMS.
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coupled with acquisition and processing software for simultaneous quantitative and
qualitative analysis of in vitro samples.

Methods

to a New Raw File.
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structure information. The identity of the major metabolites was determined based on
a combination of the elemental composition and exact mass fragments. Elemental
composition determination was based on the accurate mass and intensity ratio
measurement of the isotope cluster. A single mass, usually the mono-isotopic mass of
a measured isotope pattern, was used to calculate all possible elemental formulae
within a tolerance window that is determined from the expected mass error of the 100
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Sample Preparation

Dextromethorphan (0.2 µM) was incubated with human liver microsomes over a 40
minute timecourse with triplicate samples taken at 10 minute intervals. Samples were
stopped by the addition of one half volume of cold ACN. After centrifugation, 5 µL
aliquots of the supernatant were injected for LC MS analysis
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measurement. The theoretical isotope pattern for each elemental formula candidate
was then calculated. In the next step a “spectral fit” score (a score of 100 means a
perfect match) between the theoretical and measured isotope pattern was calculated
and the top ranking matches were reported for review. Table 2 shows the elemental
composition matches for dextromethorphan and its 6 most abundant metabolites 50
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aliquots of the supernatant were injected for LC-MS analysis.

Liquid Chromatography

Injection and separation was performed using an LC consisting of an Open Accela™
autosampler and an Accela 1250 pump (Thermo Fisher Scientific, San Jose CA).
Samples were separated on a Hypersil™ Gold 20 X 2 1 1 9 µm column (Thermo FIGURE 4 Comparison of the All Ions Fragmentation Spectra for

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8
Time (min)

0

50

100
0 1.94 2.37

2.12 2.21

 

{
 

m/z 288.1952

observed. For all seven, the only reported elemental composition was the correct
formula. Figure 4 demonstrates the high resolution accurate mass fragmentation data
for dextromethorphan and two of the identified metabolites provided both during the
data review and in the automatically generated detailed report.
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Samples were separated on a Hypersil Gold 20 X 2.1, 1.9 µm column (Thermo
Fisher Scientific) at 400 µL/min flow rate.

Table 1. HPLC Conditions

FIGURE 4. Comparison of the All Ions Fragmentation Spectra for 
Dextromethorphan and Two of its Metabolites.

Time (min) % A % B

Processing Parameters – Peak Detection and Integration

MetQuest software processes the acquired data using a set of user options that are
saved as a processing method, analogous to an instrument method used for the
acquisition. For this experiment the processing method required component peaks to
contain a minimum of 5 points a correlation threshold of 0 6 (a measure of how well a
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High resolution accurate mass quan/qual workflow enabled by MetQuest software and 
Exactive mass spectrometer increases productivity in drug discovery labs by providing 
a path to high throughput compound analysis with increased amount of useful 
knowledge from each assay performed.

 The Exactive benchtop high resolution accurate mass instrument provides the 
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contain a minimum of 5 points, a correlation threshold of 0.6 (a measure of how well a
potential components peak shape fits a theoretical ideal), and an allowed mass
tolerance of 5 ppm. Integration of the detected components utilized a novel
parameter-less peak detection algorithm that minimizes the need to enter multiple
peak integration parameters.
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scan speed, sensitivity, and fragmentation data needed for accurate quan/qual 
analysis.

 MetQuest software enables automated workflow oriented acquisition and 
processing providing Quan/Qual data from a single experiment.
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Quan/Qual Data Review

MetQuest software provides the option to examine the results after data processing is
completed Users can adjust peak integration exclude certain data points etc within

2.2 98 2
3.0 98 2

A: Water with 0.1% Formic Acid.  B: Acetonitrile + 0.1% Formic Acid

After a component was detected, the related adducts and isotopes are grouped
together to create a single component. Integration results can be obtained by adding
the areas of adducts and isotopes into the area of the monoisotopic peak or obtained
only from the monoisotopic peak. For this study, the area of only the monoisotopic
peak was used without including isotopes or adducts.
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 Novel algorithms and the high resolution accurate mass data remove 
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 spec method development

HRAM full scan data enable additional component analysis (e g unexpected

Mass Spectrometry

All data was acquired on an Exactive™ mass spectrometer (Thermo Fisher Scientific,
Bremen, Germany). Samples were acquired using alternating full scans (100 -1000
m/z, 50,000 resolution) and all ion fragmentation (AIF) scans (100-1000 m/z, 50,000
resolution, HCD fragmentation 35% nCE at 550 m/z).

completed. Users can adjust peak integration, exclude certain data points, etc, within
the Data Review pane (Figure 3).

In addition, the appearance/disappearance plot (A/D plot) can help determine if a
component is truly a metabolite by showing whether or not a logical metabolic
formation profile is obtained. In this study, the unexpected components detected were

Detected components are added to a master peak list for each injection for
subsequent processing. OH OH

O

 HRAM full scan data enable additional component analysis (e.g. unexpected 
metabolites) without re-running the experiment
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Data Analysis

All data was processed using MetQuest™ software for Quan/Qual analysis. Mass
Frontier 7.0 (HighChem, Bratislava Slovakia) was used for predictive fragmentation

Mass Frontier is a trademark of HighChem, Ltd.  All trademarks are the property of Thermo Fisher Scientific and 
its subsidiaries.

This information is not intended to encourage use of these products in any manners that might infringe the 

excluded base on their formation profiles being inconsistent with metabolism.

Finally, the cleansed fragmentation data can be scrutinized for key diagnostic
fragments to further confirm that detected components were related to
dextromethorphan.

g p y g g
intellectual property rights of others.


