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This application note demonstrates the use of a high sensitivity exact mass time-of-flight (Tof) instrument, the
Waters Xevo G2 Tof, for the rapid quantitative/qualitative analysis of pharmaceutical compounds in a drug

discovery environment.

Benefits
The combined qualitative and quantitative capabilities of the Xevo G2 Tof makes it an ideal tool for early drug
discovery metabolism studies, providing:

Accurate mass specificity

Employing elevated mass fragments

Confirming structure using MSE

Detecting drug-related metabolites

Introduction

Quantitative bioanalysis support of drug discovery projects has traditionally been performed on tandem
quadrupole mass spectrometers coupled to liquid chromatography operated in MRM mode; this is due mainly to
the specificity, linearity of response and sensitivity of the instrumentation.! In contrast, accurate mass MS
instrumentation has been reserved for qualitative data analysis such as metabolite identification.? However, if
analyte quantification can be successfully achieved on such an instrument, the latent full-scan data can be of
significant use in understanding the reasons behind issues such as poor exposure or rapid compound

elimination.

With the drive to improve the efficiency of the drug discovery process many scientists are looking to combine the
collection of quantitative and qualitative data into one process.® In this application note, we present the use of a
high sensitivity exact mass time-of-flight (Tof) instrument, the Waters Xevo G2 Tof, for the rapid

quantitative/qualitative analysis of pharmaceutical compounds in a drug discovery environment.

Experimental

The samples, calibration line, and QCs were prepared by spiking authentic standards of the drug substances in
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solution into rat plasma over the range of 0.1to 100 ng/mL. The samples were prepared by the protein
precipitation of a 50 pL aliquot of plasma with 100 uL of acetonitrile. The samples were centrifuged and the

resulting supernatant removed, diluted 1:1 with H,0, and submitted for analysis by UPLC-MSF,

The chromatography was performed on a 2.1 x 50 mm ACQUITY UPLC BEH Cyg, 1.7-pum column and eluted under
reversed phase gradient conditions over 5 minutes using an ACQUITY UPLC System. The column effluent was
monitored by electrospray MS operating in positive ion mode on a Xevo G2 Tof System. The data was collected
in MSE mode over the mass range of 50 to 1200 m/z. The collision energies, capillary voltage, and cone voltage

were set at 6/21 (low/high) eV, 0.5 kV, and 30 V respectively.

Results and Discussion

Accurate mass specificity

In tandem quadrupole mass spectrometry, assay specificity and sensitivity is derived from the use of MRM
detection. In this mode of operation only analytes that have a specific precursor mass and produce a defined
fragment ion will be detect and measured. With exact mass LC-MS analysis, the specificity of the assay is
derived from the ability of the instrument to resolve ions to a high degree of accuracy (three to four decimal
places) in the 2 to 5 ppm mass range. In this approach, a narrow mass window for ion extraction is placed
around the exact mass of the ion (M+H™) of interest. The Xevo G2 Tof is a high resolution -greater than 20,000
Full Width at Half Maximum (FWHM - orthogonal time-of-flight mass spectrometer delivering mass accuracy of

< 2 ppm RMS on complex samples such as those analysed here.

Data displayed in Figure 1 illustrates the MS spectrum of the psychotropic agent doxepin. This compound
exhibits both tricyclic antidepressant and anxiolytic properties. Doxepin has a molecular formula of C1gH»NO,
giving a M+H* exact mass of 280.1701. The Xevo G2 Tof measured mass of 280.1703 that produced an elemental

composition of CigH2,NO for the M+H™ ion with a mass error of 0.7 ppm.

Exploiting the Power of Full-Scan Exact Mass for Quantitative Bioanalysis in the Drug Discovery Laboratory

3



Ir
I Elemental Composition (2| E

Eile Edit View Process Help

o Baw & M o X

Single Mass Analysis

Tolerance = 10.0 PPM / DBE: min = -1.5, max = 50.0

Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

345 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)

| »

Elements Used: -

Mass | calc.Mass | mDa | PPM | DBE | Formula [i-Fm [ i-FTNorm [FitConf% | ¢ [ H [ N[ O]
2801703 2801701 02 07 95 CIOH2NO %43 n/a n/a 9 2 1 1

100

281.1735
7

2632374 267.1968 2722591 279.2317 2821766 2932093 595 9953 2992383 3012166 309.2019
’

[ e A
270.0 275.0 280.0 285.0 290.0 2950 300.0 305.0 310.0

260.0 265.0

300410_JoM_Quan_DNPLS_052 1034 (4.079) 1: TOF MS ES+
280.1703 6.13e+006

y/

For Help, press F1
(A

Figure 1. Exact mass spectrum of doxepin.

Data in Figure 2 shows the effect on the selectivity and sensitivity of the assay, measured as signal to noise, as

the mass window for ion extraction is reduced. In this example, a 50 pg/mL extract of doxepin in rat plasma was

analysed by UPLC-MS using a simple organic/aqueous gradient. In the bottom chromatogram a 1 Da window is

employed and the doxepin peak, eluting at 4.05 minutes is not visible. If the mass window is reduced to 0.1 Da,

centre chromatogram, the peak is just visible with a signal-to-noise value of 11:1. However, as the mass window is

reduced to 0.005 Da, top chromatogram, the analyte peak is now clearly visible with a signal-to-noise value of

77:1.
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Figure 2. Positive ion UPLC-MS (Tof) analysis of doxepin in rat plasma following sample preparation by protein

precipitation showing extracted mass chromatograms for m/z 280.1701 with 1 Da, 0.1 Da, and 0.005 Da extraction

windows.

Using this approach the assay was found to be linear over the range of 0.1to 100 ng/mL, as shown in Figure 3.

The ability to use these narrow mass extraction windows is made possible by the mass stability of the QuanTof

analyser on the Xevo G2 Tof.
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Compound name: doxepin
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Figure 3. Calibration line of doxepin in plasma using exact mass UPLC-MS, using low collision

energy m/z = 280.1701 (M+H™).

Employing elevated mass fragments

Although the use of exact mass and a narrow mass extraction window allows the quantification of drug analytes
in biological fluids, the assay accuracy may still be affected by the coelution of endogenous components in the

sample. This issue is addressed in tandem quadrupole mass spectrometry by the use of fragment ions to

increase specificity.

The Xevo G2 Tof has the capability of simultaneously acquiring both precursor and product ion information. This

is achieved by operating the collision cell in the mass spectrometer at alternating high and low collision energies.

However, unlike classical MS/MS, there is no pre-selection of precursor ions so all of the fragments ions
generated from all of the ions entering the source are detected and stored. The precursor and product ions are
stored in two separate data channels. This mode of operation is called MSE. This is in effect two simultaneous

full-scan exact mass experiments.

The advantage in operating the instrument and collecting the data in this manner is that all of the information is
stored without need for prior selection or decision-making. This allows the data to be reprocessed and
reinterrogated post acquisition without the need for further injections and instrument analysis time to generate

product ion spectra on peaks of interest.

The fragment ion spectrum produced from the high collision energy analysis of doxepin is shown in Figure 4.
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Here we can see that the major fragment ion produced was m/z 107.0494, the structure of both the parent and
fragment ions are displayed in the spectrum. To illustrate the versatility of this approach, a calibration line was
created using the m/z 107.0494 product ion from the elevated collision energy data, Figure 5. The assay was

again found to be linear over the calibration range of 0.01 ng/mL to 100 ng/mL.
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Figure 4. Elevated collision energy mass spectrum for doxepin showing the structure of doxepin and its major

fragment ion m/z 107.0494.
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Figure 5. Calibration line of doxepin in plasma using exact mass UPLC-MS, employing elevated
collision energy data m/z 107.0495 (product ion).

Confirming structure using MSF

Another major benefit of this approach is that the data is collected and stored in an unbiased manner. Hence, the
resulting data contains all of the precursor and product ion information in an exact mass format for future
interrogation. This MSF data can be used to confirm the identity of the peaks detected and quantified hence
providing further confidence on the identity of the peak in question. The data displayed in Figure 6 show the
elevated and low collision energy data from the analysis of a 50 ng/mL standard of doxepin. This latent
information makes the confirmation of analyte identity quick and easy as it provides both exact mass precursor

and exact mass product ion data.

Exploiting the Power of Full-Scan Exact Mass for Quantitative Bioanalysis in the Drug Discovery Laboratory

8



300410_JoM_Guan_DNPLS_052 2 TOF MS ES+
100- a02 F00910_JoM_Duan_DNPLS_052 $033(4081) 2. TOF MS ES+ 6047 0000a
100, 20160 980 1.28e5
Elevated Collision ‘ orpes
Energy | —
P # 202321
|
| 2661537
' 1170700 1410000 220781 e
\ | | |
\ | Nl I ) T | . |
J \ 100 110 120 130 140 450 180 170 180 160 200 290 20 230 20 290 260 270 280 200 300 30
.
TTEEm 300 320 | 340 380 | 30 | 400 | 420 | 440 | 480 | 480 | SO0 | 520 | 840 | SBD | SE0 | 600 | 620 | 64D | BBO | B0 | 700
300410_JoM_Guan_DNPLS_052 . 30040 _JoM_Quan_DNPLS_ DA 1034(4078) 1. TOF M3 ES+
100+ ! e 280,700 82s
‘ -l 82,1910
"
‘ |
\. ) - - v miz
J ‘I‘ 100 10 120 130 140 150 180 170 190 190 200 210 220 230 240 250 260 270 280 200 30 M0
\ Time
T U2m 300 320 | 340 | 380 | 3E) | 400 | 420 | 440 | 480 | 480 | 500 | 520 | &40 | SB0 | SBO | 600 | 620 | 640 | 680 | B8 | 700 | 720 | 740

Figure 6. Elevated and low collision energy data derived from the UPLC-MSE analysis of a 50 ng/mL standard of
doxepin. The extracted ion chromatograms for m/z 280.1701 are shown for both the low and elevated collision

energy data.

Detecting drug-related metabolites

During a drug discovery project it is often necessary to identify the drug metabolites produced from the
biotransformation of the dosed compound. When using a tandem quadrupole MS this often requires further LC-
MS experimentation. As previously mentioned the Xevo G2 Tof, when operated in MSE mode, acquires both

precursor and product ion data for all of the analytes in the sample in one analytical run. This facilitates the post

acquisition mining of the LC-MSF data for drug related metabolites.

This can be accomplished by employing several different tactics. The low collision energy data (precursor ions)
can be screened for phase | metabolic additions and cleavages as well as phase Il conjugations reactions. The
elevated collision energy (product ion) MSE data can be used to manually search for drug related products using
a common fragment ion approach. The low and elevated collision data can also be interrogated to generate
pseudo-constant neutral loss information to search for potentially toxic metabolites such as glutathiones. The

specificity and accuracy of the metabolite detection is enhanced as both modes of acquisition (low and elevated

collision energy) are collected in exact mass mode.
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The analysis of the metabolite data is automated, simplified and streamlined by the use of the MetaboLynx XS
Application Manager. The data shown below in Figure 7 illustrates the LC-MSE analysis of an in vitro incubation
of nefazodone at the 1 umol level. The results from the MetabolLynx browser are shown with the detected
metabolites, elemental composition, mass error and retention time listed in the results table. The browser also
allows for the MS spectra and chromatogram to be dynamically searched and evaluated. These data show that 17

different drug metabolites were detected with the results for a 2 x hydroxylation + desaturation metabolite being

shown.
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Figure 7. MetabolLynx browser analysis of the drug metabolites of nefazodone.

Conclusion

Use of full-scan exact mass LC-MS for the quantification of pharmaceutical compounds in biological fluids
facilitates fast simple analysis ideal for drug discovery. The high mass accuracy stability derived from the
QuanTof mass analyzer, allowing narrow mass extraction windows, confers a high degree of specificity on the
assay. The ability of Xevo G2 Tof to simultaneously collect elevated and low collision energy data with a high

degree of mass accuracy allows quantification using both precursor and product ions as well as confirmation of
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analyte peak structure and metabolite identification.

This combination of qualitative and quantitative capability of the Xevo G2 Tof makes it an ideal tool for early drug
discovery metabolism studies. With MSF and exact mass UPLC-MS, a laboratory will maximize quality
information from samples to achieve superior profiling and identification in less time for the most complex of

small molecule analysis.
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