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What is mass spectrometry (MS)?

m/z (mass-to-charge ratio)
All molecules normally 
exist as neutral charge.

To generate ions is 
the 1st step in MS. 
Generated ions can  
move inside electric  
and magnetic force.

Molecules 
(neutral charge)

Ions 
(charged particles)

Ionization

Mass spectra
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te
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Mass spectra are recorded 
by different motion of ions 
(velocity, curvature, oscillation) 
in different mass spectrometers.

Mass spectrometry is analytical methodology to obtain mass of ions.

Mass spectra include information of m/z in horizontal axis and ion intensity 
in vertical axis.
We can find “what kinds of molecules” and “how much molecules” in mass 
spectra.



In MS,  
the main purpose is to measure m/z and ion intensity.

Highly sensitive method
MS can detect  

pmol (10-12 mol) or fmol (10-15 mol) 
order concentrations.

Qualitative analysis Quantitative analysis
Structural analysis of molecules

Elemental composition analysis

Determination of concentrations

Doping test/residual pesticides

Important facts in MS

Mass spectrometry is utilized to analyze components.



Matrix-assisted laser desorption ionization (MALDI)
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試料分子

紫外レーザー

マトリックス分子

Matrix: ionization supportive compounds. 
To absorb laser energy, matrices have an aromatic ring.

+HV

Ions are generated by irradiation of laser from  
matrix-analyte cocrystal.

UV laser

Sample molecule
Matrix molecule

Important ionization method



Common matrices in MALDI

Proteins and peptides   Peptides and small molecules  

Sugars, peptides and  
synthetic polymers Synthetic polymers



Today’s topic



Today’s topic

Molecular imaging
using mass spectrometry



Today’s topic

Molecular imaging
using mass spectrometry

Imaging mass spectrometry
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Seeing
is Believing



Imaging mass spectrometry (IMS)
-Direct mass spectrometry on the tissue surface-
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Imaging mass spectrometry (IMS)
-Direct mass spectrometry on the tissue surface-

Generate ion intensity map 
using obtained mass spectra.
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Imaging mass spectrometry (IMS)
-Direct mass spectrometry on the tissue surface-

Generate ion intensity map 
using obtained mass spectra.

Ionization 
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Non-labeled molecular imaging technique. 
We can see “What, Where, How much”.



Mass Microscope

Conventional microscope

You can see structure in ROIs.
But you cannot find components
in ROIs. 

Mass Microscope

You can see many kinds of 
components in ROIs using 
mass microscope.

360 380 400 420 440
m/z

Ionization

Mass 
spectrometry

Visualization
using ion intensity

Mass Microscope is specially designed instrument for IMS.



iMScope TRIO (Shimadzu, Kyoto, Japan)

Picture of 
iMScope TRIO

Schematic drawing of 
instrument

✔ Optical microscope 
✔ Ionization：Atmospheric pressure MALDI 
✔ Laser for ionization｜Nd:YAG (355 nm, 1 kHz) 
✔ Mass range｜m/z 50-3000 
✔ Laser diameter｜variable (5 µm - 200 µm)

High spatial resolution imaging is available.



Applications  
in  

pharmacology and medicine



In-vivo pharmaco-imaging 
(conventional)

Takai et al. Rapid Commun Mass Spectrom,  
26, 1549 (2012)

Autoradiography

Detection of radiation

PET imaging
Detection of photon via 

annihilation

64Cu-DOTA Trastsuzumab uptake into 
tumors (metastasis from breast cancer)

Tamura K et al. J Nuc Med  54, 1869 (2013)

abdomen

dorsum



Rudin M Nat Drug Discov. 2003

Pipeline for drug development



Rudin M Nat Drug Discov. 2003

Pipeline for drug development

In anti-cancer agents development, 
cancer patients are recruited from phase I.



Expectations from  
clinicians and megapharma



As developing biological studies, 
almost therapies become “targeted therapy”.

Expectations from  
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Confirmation of POM

As developing biological studies, 
almost therapies become “targeted therapy”.

Expectations from  
clinicians and megapharma



Confirmation of POM
Keyword 1: POM (proof-of-mechanism)

POM is one of the important keywords in drug development.  

As developing biological studies, 
almost therapies become “targeted therapy”.

Expectations from  
clinicians and megapharma



Confirmation of POM
Keyword 1: POM (proof-of-mechanism)

POM is one of the important keywords in drug development.  

IMS can visualize POM of drugs.
This information is utilized for go/no go decision 
in drug development (especially in early phase).

As developing biological studies, 
almost therapies become “targeted therapy”.

Expectations from  
clinicians and megapharma
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Olaparib was accumulated outside tumor regions.



Quantitative-IMS of Erlotinib 
for side effect study
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Quantitative-IMS of Erlotinib 
for side effect study
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Measured in LC-MS/MS

Estimated in IMS

Quantitative pharmacokinetic-IMS

Scale bar: 200 µm

Quantitative Imaging in PK study

Estimated drug amounts using IMS results are 
equivalent to measured values using LC-MS/MS.

This procedure has been accepted in Surf Int Anal (Takeo E and Shimma S). 



Hair imaging



IMS in hair analysis

Anal. Chem. 87, 11, 5476-5481



IMS in hair analysis

Anal. Chem. 87, 11, 5476-5481

Hairs are important material to monitor  
history of drug administration.



Drug imaging in hair samples

In horse racing, doping test is also important.
Horse hair is very long, therefore LC-MS detection is laborious. 



How to make sections

Previous method



How to make sections

Previous method



Recent development of  
hair sectioning
Current method



Recent development of  
hair sectioning
Current method



Drug detection in human hair (1) 
(Methoxyphenamine)
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Alternative compound for illegal drug (Methamphetamine)

Methoxyphenamine 
(Cough medicine)Left: Methamphetamine

Right: Methoxyphenamine



Drug detection in human hair (1) 
(Methoxyphenamine)
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Drug detection in human hair (1) 
(Methoxyphenamine)
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Around 1 cm from hair root, methoxyphenamine was accumulated. 
This is correct history of drug administration.

Alternative compound for illegal drug (Methamphetamine)

Methoxyphenamine 
(Cough medicine)Left: Methamphetamine

Right: Methoxyphenamine



Application in medication compliance 
- Patients really take medicine correctly or not? -

S

O

Cl

N

Zotepine： 
Drug for anti-depressant

We can find accumulation at hair root  
and entirely detect signal derived from zotepine.

200 µm

Hair root

Drug detection in human hair (2) 
(Zotepine)



Horse hair sampling



Visualization of 
dexamethasone sodium phosphate

Shimma S et al.  
ICRAV2018

Horse hair with 4 cm can be 
analyzed using IMS. 
Accumulation at 16.46 mm  
from hair root was visualized. 
According to elongation rate 
of horse hair (2 cm/month), 
this drug was administered 
25 days ago.



Visualization of 
dexamethasone sodium phosphate

Shimma S et al.  
ICRAV2018

Horse hair with 4 cm can be 
analyzed using IMS. 
Accumulation at 16.46 mm  
from hair root was visualized. 
According to elongation rate 
of horse hair (2 cm/month), 
this drug was administered 
25 days ago.



Summary

Imaging mass spectrometry

Novel molecular imaging method

Instrument, spatial resolution, sensitivity,

quantification and reproducibility were improved.

In our laboratory, we challenge to develop applications 
towards a lot of different research fields.

IMS will be a powerful tool in all research
fields as well as medical sciences. 
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Expectations from clinicians



Expectations from clinicians

1. Reproducibility 
2. Timing for tissue sampling after dosing

Hurdles to overcome


