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Abstract

Detection and measurement of drugs, their metabolites, and biomarkers in tissues plays a key role in the drug
discovery and development process, providing information on drug distribution, organ penetration, and drug
accumulation. This application note demonstrates the use of tandem quadrupole Desorption Electrospray
lonisation Mass Spectrometry (DESI-MS) Imaging, operated in multiple reaction monitoring (MRM) mode, to
visualize gefitinib and related metabolites in the liver following single subcutaneous administration to rats.
Gefitinib and seven drug related metabolites were detected in liver, with a clear time related profile observed for
gefitinib, the N-oxide, and the morpholino carbonyl metabolites of gefitinib matching the plasma

pharmacokinetic profile.

Benefits

- Simple implementation of DESI-MS Imaging on the Xevo™ TQ Absolute XR tandem quadrupole Mass

Spectrometer
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Sensitive, selective detection of drug substrate and its metabolites without the need for radio labeled isotope

version of the drug
Simple workflow from discovery metabolite profiling to DESI-MS Imaging

- Alignment with 3Rs principle removing the need for dedicated animal study

Introduction

Determination of the tissue distribution of a drug is an essential part of the preclinical drug development process,
facilitating the understanding of tissue penetration, extent of exposure and drug accumulation 2 This is normally
achieved via the administration of a radio labeled version of the drug molecule and visualization via whole body
autoradiography.® Although this approach is highly quantitative, it does not provide information on the chemical
nature of any metabolite containing the radio labeled isotope nor does it allow for the visualization of changes in
biomarkers of secondary (off target) pharmacology or toxicity. The need for a radio labeled isotope version of the

drug also precludes its use in drug discovery or early development studies, and requires an additional study.

Drug analysis in tissue by mass spectrometry offers the potential to remove the requirement for a radio isotopic
version of the drug molecule. Thus, making it possible to investigate drug, metabolite, and biomarker tissue spatial
distributions in in vivo drug discovery studies. DESI-MS Imaging has shown promise for the detection of
endogenous metabolites, lipids, and proteins as well as the disposition of drug related material in tissue samples
(brain, liver, kidney etc.).* However, the low doses employed in drug discovery studies (1-10 mg/Kg) combined
with the presence of contaminant background ions e.g., dosing vehicle and endogenous compounds, precludes de

novo in-tissue metabolite detection® via high resolution mass spectrometry.

This application note illustrates the use of DESI-MS Imaging with tandem quadrupole Mass Spectrometry,
operated in MRM, to investigate the drug disposition in the liver following the single subcutaneous administration

of the tyrosine kinase inhibitor gefitinib (Iressa®) to male rats.

Experimental

Sample Description
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Ten male sprague dawley rats, aged 7-9 weeks (175-225g) were divided into two groups and dosed
subcutaneously with either gefitinib (N-(3-chloro-4-fluorophenyl)-7-methoxy-6-[3-(4-morpholinyl)propoxy-
1,1,2,2,3,3-d6]-4-quinazolinamine) at 10 mg/Kg, or vehicle only. Following termination, livers from a single rat from
each group were collected (0, 1, 3, 8 and 24 hours post dose), weighed and frozen, and stored at -80 °C until
analysis. The study was performed under UK Home Office License PP9552589 Protocol 2-Pharmacokinetic

Study, following full management and local ethical committee review.

Method Conditions

Fresh frozen rat liver tissue sections (predose, and 1, 3, 8 and 24 hours post dose) were cryosectioned (10 pm),
then thaw-mounted on standard glass specimen slides (Epredia™ Shandon™ Colorfrost, Fisher Scientific, USA)
using an Epredia HM525 NX Cryostat (ThermoFisher, USA). The slides were stored at -80 °C until use, then
thawed for 15 minutes in a vacuum desiccator prior to MS imaging data acquisition. DESI-MS Imaging was
performed with a Xevo TQ Absolute XR tandem quadrupole Mass Spectrometer equipped with a DESI XS source
(Waters Corporation, UK), using the MRM transitions listed in Table 1. The DESI MSI data were acquired using a
pixel size of 60 um, with a nominal spray diameter of 30 um, with acquisition speeds of 1 and 10 Hz. The spray
impact angle was set at 75 “C, with a sprayer nozzle to surface distance of 2 mm, and ion inlet tube orifice
diameter of 6 mm? The MS imaging data were visualized using High Definition Imaging (HDI™) Software (Waters

Corporation). The targeted imaging workflow solution is illustrated in Figure 1.

MRM of 20 Channels ES-
554 2600 1.5067

748 5600
Sample Teasin] 885500

- mz
500 600 T00 800

MSRM of 20 Channets ES-
6 30t

56120 g ga00
Trasso0ldT 500 | l
506X 700 800

E
E
o
@
-

mz

Carnitine
m/z 162.16 > m/z 60

Figure 1. Xevo TQ Absolute XR DESI-XS tissue imaging solution.
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MS Conditions

MS system: Xevo TQ Absolute XR Mass Spectrometer
lonization mode: DESI +ve ion ESI
Acquisition range: MRM

Data Management

MS software: MassLynx™ Software

Informatics: High Definition Imaging (HDI) Software

Visualization of Gefitinib and Related Metabolites in Rat Liver Using DESI-Tandem Quadrupole Mass Spectrometrg



*Note 5: Specify version for each software.

Precursor | Product | Collision Cone

Analyte Description ion ion Energy Voltage
(m/z) (m/z) (eV) (v)

Gefitinib Substrate 4471 128.0 24 35

M1 Cleavage of e.thergroupresulltlng in loss 320.6 304.0 o4 35
of alkane chain and morpholine group

M2 Cleavage of morpholme group followed 3781 2040 o4 36
by hydroxylation

M3 Cleavage of.morlphollne qroup followed 3921 318.0 54 35
by carboxylic acid formation

M5 Q-desmethylahon f(".)||0\.Ned by morpholine 4071 306.1 24 35
ring cleavage resulting in loss of C2H4

M6 (M537194) (M537.194.): Morpholine ring cleavage 492.0 391.0 o4 35
resulting in loss of C2H4

M7 (M523595 O-desmethylation 433.1 128.1 24 35

M9 (M387783) Oxidative defluorination 444.6 128.0 24 35
Morpholine ring cleavage resulting in loss

M10 (M608236 of CH2 and aldehyde formation 4491 1301 24 35
Additi f dl ft

M11(M605211) ttion otoxygen and foss ot two 461.0 142.0 24 35
hydrogens on morpholine ring

M12 (M594577) | Hydroxylation 463.2 144.1 24 35

M13 Dihydroxylation 4771 158.1 24 35
Morpholine ri i d carboxyli

M14 (M605207) | o pholne ringopening and carboxylie 479.1 160.1 24 35
acid formation

M15 M1 followed by glucuronidation 496.09 320.06 24 35

Table 1. MRM transitions for gefitinib and metabolite profiling of plasma and urine.

Results and Discussion

The pharmacokinetics and metabolism of gefitinib were previously reported.®” These studies revealed that
gefitinib undergoes extensive oxidative metabolism, mainly via CYPs 3A4, 3A5 and 2D6 at several sites, resulting
in oxidation of the morpholine ring, defluorination, O-demethylation, and combinations thereof. In some cases,
these functionalization biotransformations were further modified by subsequent conjugation to form sulfate or
glucuronide conjugates. In the plasma samples from this study, the metabolites detected were the O-desmethyl-

gefitinib (M523595), morpholino carbonyl metabolite (M605211), desfluorophenol (M387783), and M537194
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formed via ring-opening and partial degradation of the morpholine ring. The drug itself formed the major
circulating drug-related species, followed by the O-demethylated (M523595), and morpholino carbonyl
(M605211) metabolites. Pharmacokinetic data analysis showed that peak plasma concentrations of the drug were

observed at ca. 6 hours post dose (ca. 60 ng/mL) with an elimination half-life of 6.5 hours.

LC-MS/MS can be used to provide quantitative measurement of drug substrate and metabolites in tissues.
However, this requires tissue extraction and homogenization, resulting in loss of spatial information, or
necessitating multiple sample extractions across the tissue. DESI-MS Imaging can be quickly deployed on the
Waters Xevo TQ Absolute XR Mass Spectrometer via a simple MS source change (Figure 1), requiring less than 30
minutes to switch between LC-MS and DESI-MS operation. The spatial distribution of gefitinib and its metabolites

in liver samples was investigated using DESI-MS Imaging in +ve ESI mode using MRM data acquisition (Table 1).

Analysis of the DESI-MS tissue imaging data showed that neither gefitinib nor any of the drug related metabolites
were detected in samples from either the vehicle group or the predose liver. Gefitinib was clearly visible at high
intensity in the 1 and 3 hours samples; by 24 hours post dose, the gefitinib signal, while much reduced, was still

detectable at low intensity in the liver section (Figure 2) mirroring the gefitinib plasma concentration data.

Predose 1h

Gefitinib m/z = 477 — 128

Figure 2. Visualization of gefitinib in liver tissue slices using DESI-MS Imaging operated

in mode using the transition m/z = 447.1 > 128.0.

In addition to the unchanged drug compound, signals corresponding to the metabolites M2, M527194, M605211,
M594557, and the dihydroxylated metabolite (M13) were also detected in the liver sections. The putative N-oxide
metabolite of gefitinib (M594577) provided the most intense response of all the drug-related species detected,
followed by gefitinib, and then morpholino carbonyl metabolite M605211. The maximum signal intensities for
metabolites M605211 and M594577 were observed in the 1and 3 hours sections, subsequently declining in the 8

hours samples, and being only weakly detected in the 24 hours samples, as seen in Figures 3 and 4.
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Figure 3. Visualization of the M605211 metabolite in liver tissue slices using DESI-MS

Imaging operated in mode using the transition m/z = 461.0 - 142.0.
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Figure 4. Visualization of the M594577 metabolite in liver tissue slices using DESI-MS

Imaging operated in mode using the transition m/z = 463.15 - 144.1.

The dihydroxylated metabolite (M13) showed a similar time profile to gefitinib, but at a significantly lower signal
intensity than either M594577 or M605211. Metabolites M2 (ring opening of the morpholine group and
oxygenation), M5 (O-demethylation and morpholine ring cleavage), and M537194 (M6 - formed from cleavage of
the morpholine group) were not detected in the 1 and 3 hours samples and showed only a weak intensity
distribution in the 24 hours section, as shown in Figure 5. This data suggested that these metabolites were either

not present in the liver or at concentrations below the limit of detection.
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Figure 5. Visualization of metabolites M2 (m/z = 378 - 304.1), M537194 (m/z = 422 - 321.0), M5 (m/z = 407.13~>

306.04) in liver tissue slices using DESI-MS Imaging.

Conclusion

A DESI source couple to a tandem quadrupole mass spectrometry was used for the visualization of gefitinib and
its metabolites in rat liver sections following subcutaneous dosing. The extra sensitivity, specificity, and selectivity
provided by MRM data acquisition allowed for the unambiguous drug/metabolite detection in tissue at
pharmacologically relevant concentrations. The N-oxide metabolite of gefitinib (M594577) provided the most
intense response of all the drug-related species, followed by gefitinib, and then morpholino carbonyl metabolite
M605211. In addition to these major components, signals corresponding to the metabolites M2, M527194, and the

dihydroxylated metabolite (M13) were also detected in the liver sections at low levels. A clear temporal trend was
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observed for gefitinib and the metabolites over the course of the study corresponding to the drug plasma

concentration curve.
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High Definition Imaging (HDI) Software <https://www.waters.com/nextgen/global/products/informatics-and-

software/mass-spectrometry-software/high-definition-imaging--hdi--software.html>
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