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Research and Development Summary

This project aimed to establish a next-generation pharmacokinetic evaluation platform based on mass spectrometry imaging
(MSI), with a particular focus on expanding its applicability from conventional small molecules to emerging therapeutic
modalities, including peptide drugs, nucleic acid therapeutics, and drug delivery system (DDS)-based formulations. Through
this project, we developed and integrated three major technological components: imaging technologies for new drug
modalities, large-sample MSI systems, and quantitative MSI analysis methods.

First, we advanced MSI methods using AP-MALDI (Islam A et al. Pharmaceuticals, 2022; Islam MM et al. IIMS, 2024) and
triple quadrupole mass spectrometry (Rahman MM et al. Journal of Mass Spectrometry, 2025), enabling high-sensitivity and
high-resolution visualization of drugs, metabolites, lipids, peptides, and nucleic acid-related molecules in biological tissues.
These developments allow spatially resolved analysis of medium-sized therapeutic molecules and demonstrated the feasibility
of applying MSI to drug distribution studies that had previously been difficult to perform

Second, we developed and implemented approaches to improve ionization efficiency and measurement stability. In particular,
low-temperature plasma pretreatment enhanced the detection of specific molecules in brain tissue, demonstrating its utility as
an ambient ionization enhancement strategy (Rahman et al., JASMS, 2024). This result contributs to strengthened the
applicability of MSI. We developed a large-sample stage with temperature-control capability and integrated it into an MSI
system. This enabled stable measurement of large samples. The system improved measurement reproducibility and reduced
background noise through environmental control, including temperature regulation and nitrogen purging. As a result, this
result provides an important basis for spatial pharmacokinetic evaluation.

Third, we established quantitative MSI analysis methods that do not rely solely on average signal intensity within a region

of interest. Instead, each pixel-derived mass spectral signal was treated as an independent quantitative value. We developed
analytical tools for automatic thresholding, pixel-wise normalization, and nonlinear calibration, and implemented these
functions as add-on tools for practical data analysis. These approaches improved the reliability of quantitative MSI,
particularly for heterogeneous tissue distributions. In addition, Al-based image interpolation (Xu et al., JASMS, 2025) and
information-theoretic analysis (Xu et al., PLoS ONE, 2023) further expanded the analytical potential of MSI data.
This project also applied the developed platform to collaborative studies involving nucleic acid therapeutics and DDS
technologies, including intranasal delivery systems, artificial nucleic acids, and brain-delivery-oriented modalities. These
studies generated spatial distribution data that are difficult to obtain using conventional pharmacokinetic methods and
contributed to the understanding of tissue-level delivery mechanisms.

The platform was further applied to biomedical studies, including molecular profiling of cancer tissues, analysis of biomarker
candidates, and comparative analysis of molecules adsorbed to dialysis membranes. These applications demonstrated the
broader utility of mass spectrometry-based molecular analysis for improving molecular characterization and identification.

Overall, this project successfully established an integrated MSI-based platform combining imaging, large-sample
measurement, and quantitative analysis. The outcomes provide a valuable technological foundation for evaluating next-

generation drug modalities and are expected to contribute to drug discovery and pharmacokinetic studies.



