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Matrix-assisted laser desorption/ionization (MALDI)-imaging mass spectrometry (IMS) enables the visualization
of the distribution of a range of biomolecules that have varied structures in the cells and tissue sections. This emerging
imaging technique was initially developed as a tool for protein imaging, but recently it is increasingly being used for the

imaging of small organic molecules. IMS is an effective technique for the imaging of small metabolites, including en-
dogenous metabolites such as lipids and exogenous drugs because of the following advantages: First, IMS does not re-
quire any specific labels or probes. Second, IMS is a non-targeted imaging method. Finally, the simultaneous imaging of
many types of metabolite molecules is possible, and all these features are necessary for the assessment of metabolite
localization. In this review, we discuss the capability of current IMS techniques for imaging small molecules, and in-
troduce representative studies on imaging of endogenous and exogenous metabolites. In addition, the limitations and
problems of the technique are also discussed, and reports of progress toward solving the problems with this technique

are also introduced.
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Example of Tryptic-digested Protein Imaging and Precursor Ion Mass Spectra with Positive Ion Detection Mode

(a) Optical image of imaging region and (b) accumulated mass spectrum from imaging region. (c) and (d) are imaging results of m/z 1460.8 and 1743.9,
which are labeled by asterisks in (b) . Merged image (red, m/z 1460.8; and green, m/z 1743.9) is shown in (e). These peaks were identified by direct MS» and were
identified as the fragment ions of myelin basic protein (MBP) (f) and histone H2B (g). Partially adapted from Ref. 13.
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Fig. 3. Distribution of PC Molecular Species in a Mouse
Retinal Section

(a) Each area can be roughly distinguished in this optical image of the
mouse retinal section, and three colored dots are shown. (b) Three spectra
between m/z 755 and 805 from the measurement areas at the red dot (outer
nuclear layer and inner segment), green dot (inner nuclear layer and outer
plexiform layer), and blue dot (outer segment and pigment epithelium) in
the mouse retinal section are compared. The signal intensities at m/z 756.5
([PC (diacyl-16:0/16:0) “Na] *) and m/z 782.7 ([PC (diacyl-16:0/18:1)*
Na] *) were the highest in the red dot and in green dot, respectively. The sig-
nal intensities at m/z 797.4 ([PC (diacyl-18:0/22:6) *Na-N (CH3);] *) and
m/z 769 ([PC (diacyl-16:0/22:6) *Na-N(CH3);] *) were the highest in the
blue dot. (c) The ion image merged from [PC (diacyl-16:0/16:0) *Na]*
(red), [PC(diacyl-16:0/18:1) *Na]* (green), and [PC(18:0/22:6) *Na-N
(CH,;) ;] * (blue) revealed the three-zone distribution of the retinal section.
[PC(16:0/22:6) "Na-N (CH;);] © (light blue) was distributed in the same
region as [PC (18:0/22:6) *Na-N (CHj3);] . Reprinted with permission from
Ref. 16.
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Fig. 5. Mass Spectrum of Famotidine and MS Ion Image on
the Whole-body Section

(a) Structure and mass spectrum of Famotidine. (b) Mass spectrum of
Famotidine detected on the tissue section. (c) Mass spectrum of Famotidine
detected on the kidney in the tissue section. (d) Optical image of the mouse
tissue section. (e) MS ion image of Famotidine (m/z 338.05) on the mouse
tissue section at 3 min after injection. The Famotidine is observed to be dis-
tributed with significantly localization in the kidney. (f) MS ion image at m/
z 338.05 on Control mouse tissue section. Partially adapted from Ref. 18.
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Fig. 4. Scheme of the Atmospheric-Pressure MALDI Mass Spectrometry Imager ‘‘Mass Microscope’’

Reprinted with permission from Ref. 17.
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Fig. 6. High Resolution Ion Image of Famotidine in the Kidney

(a) Optical image of kidney in whole-body section. (b), (c) MS (m/z 338.04, b) and MS/MS (m/z 338.05—259.08, ¢) images of Famotidine. It is suggested
that Famotidine is concentrated on the renal pelvis. Arrows indicate vessels. Partially adapted from Ref. 18.
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