
High Mass-Resolution MALDI-imaging MS for 
Drug Metabolism in Tissue Using the JMS-S3000 
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Introduction
Imaging by using matrix-assisted laser desorption/ionization 
mass spectrometry (MALDI-Imaging) has been expanded 
during the last decade into biological applications in order to 
assess the distribution of proteins, peptides, lipids, drugs, and 
metabolites in tissue specimens. For a drug metabolism analy-
sis, MALDI-Imaging has an advantage in that it can visualize 
the distributions of drugs and metabolites without using radio 
isotopes which are used for whole body autoradiography. 
   In MALDI-Imaging measurements, a laser is used to irradi-
ate each point across a sample surface in order to acquire a 
mass spectrum for a given location. By combining the mass 
spectra with their two-dimensional position information, 
localization of compounds with inherent molecular weights 
can be visualized or the mass spectra for certain regions of 
interests (ROIs) can be created. 
   The JMS-S3000 SpiralTOF is a MALDI-TOFMS, which 
utilizes the JEOL patented spiral ion optics system. It has a 
5-10 times longer flight path than the typical reflectron type 
MALDI-TOFMS. As a result, it can achieve high mass-reso-
lution to separate peaks that have the same nominal mass but 
have different exact masses (isobaric separation). This feature 
is particularly effective for MALDI-Imaging for drug me-
tabolism, which typically consist of relatively low molecular 
weight compounds which are often interfered with by matrix 
compounds and/or surface contaminants.

Experiments
Sample and preparation conditions are listed in Table1. 
   The MS Imaging measurements on the liver tissue sec-
tion (7.8 mm×9.2 mm) were performed on the SpiralTOF in 
positive ion mode with a spatial resolution of 50 μm. The MS 
Imaging data was processed with msMicroImager (JEOL). 
The MS/MS measurements with TOF-TOF positive ion mode 
were also performed for structure analysis of the drug and its 
metabolite.

Results and Discussion
The peak observed at m/z 472.3425 in the averaged mass 
spectrum was assigned to terfenadine (C32H41NO2) [M+H]+ 

(m/z 472.3210) and was supported by the MS/MS measure-
ments (described below). The averaged mass spectrum, which 
was mass corrected using the assigned peak of terfenadine, is 
shown in Fig. 1. The enlarged mass spectrum at m/z 472 and 
502 are also shown. The peak at m/z 502.2944 was assigned to 
fexofenadine (C32H39NO4) [M+H]+ (m/z 502.2952), a metabo-
lite of terfenadine, by accurate mass and MS/MS measure-
ments (also described below). The isobaric separation capa-
bility of 0.2-0.3 u was then used to draw the inherent mass 
images for each target peak. The optical image of the tissue 
section and the mass images for m/z 472.3 and m/z 502.3 with 
0.1u mass window are shown in Fig.2. Both terfenadine and 
fexofendine were distributed across the liver tissue sections. 
The product ion spectrum of a) terfenadine spotted on ITO 
glass, b) m/z 472.3 and c) m/z 502.2 from the liver tissue sec-
tion are shown in Fig. 3. The fragmentation channels observed 
in Fig. 3a and b were nearly identical so that m/z 472.3 was 
assigned to terfenadine. The estimated fragmentation paths ob-
served at m/z 216, 270 and 288 are shown in the structural for-
mula for terfenadine. Most of the fragments observed in Fig. 
3c were similar to Fig 3a, but several of them were observed 
to have a 30 u difference (red numbers). These differences 
were likely due to the methyl group in terfenadine changing to 
a carboxyl group in fexofendine.
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Table 1. Sample and sample preparation conditions.
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Fig. 1 Averaged mass spectrum of all pixels acquired during the MALDI-Imaging measurement.

Fig.2 Picture of the tissue section and the extracted mass image for m/z 472.3 and 502.3. 
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Fig.3 The product ion spectrum of m/z 472.3 from standard terfenadine(a). The product ion spectra from the liver 
tissue section, m/z 472.3(b) and m/z 502.3 of fexofenadine (c).


