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Study of novel characterization and quality control techniques, through advanced

instrumentation for innovative pharmaceuticals
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In this project, we developed an advanced and rapid method for evaluating the quality characteristics of
the following pharmaceuticals, which have not been evaluated at the current technological level or for which
appropriate evaluation methods have not been developed or widely used, based on requests from
pharmaceutical companies,

1) Development of methods to evaluate the properties of formulations using poorly soluble compounds with
optimized physical properties

We have developed a non-destructive quantitative method for co-amorphous using Raman spectroscopy to
develop a quantitative technique for co-amorphous in formulations, which are difficult to quantify using
liquid chromatography, because co-amorphous dissociate in solution. A highly accurate calibration models
have been obtained for the drug substance and the formulation using partial least squares regression.

The physical state of the drug substance within a formulation affects its quality, characteristics, and
stability, therefore the need for its evaluation has long been recognized. However, a non-destructive method
for such evaluation has not yet been established, and it remains a challenge in pharmaceutical development.
In this study, we investigated the use of X-ray Computed Tomography (XRCT) for various measurements and
evaluations of the physical properties of samples and the internal structure of formulations. We identified
the XRCT imaging conditions necessary to distinguish between two components with similar electron
densities, and discussed the associated challenges. Furthermore, we demonstrated that XRCT is a useful
method for assessing the density of drug substances, and the physical stability of the amorphous state.

It is often difficult to obtain single crystals required for X-ray crystal structure analysis. Therefore, we
investigated an appropriate method for evaluating pharmaceutical polymorphism and cocrystals using high-
resolution solid-state NMR. This method showed the possibility of rapidly evaluating intra- and
intermolecular crystal structures in a powder without preparing single crystals.

2) Development of advanced methods for evaluating the properties of nanoparticles

The content and physical state of the constituent components of nanoparticles, depending on the loading
of drugs and surface modification, determine the physicochemical and biological properties of the particles.
Therefore, nanoparticles with different particle constituents, particle sizes, and drug loading amounts were
prepared and evaluated using asymmetric field-flow fractionation (AF4) and centrifugal field-flow
fractionation (CF3). It was confirmed that AF4 allows for highly accurate evaluation of particle sizes, and
CF3 allowed for the identification of nanoparticles with different drug loading amounts. Also, it has been
revealed that monolith column chromatography using poly-Lys-modified monolith column can separate
nanoparticles without destroying them. These methodologies would be useful in development research and
quality control of nanomedicines.

3) Development of advanced and rapid evaluation methods for natural product drugs

We studied heavy metal test for natural product drugs such as herbal medicines using an energy dispersive
X-ray fluorescence analyzer (EDX), and showed that the EDX is an excellent method for rapid and simple
heavy metal measurement. In addition, since observation of the internal morphology of herbal medicines by
microscopic examination requires skilled techniques, including pretreatment, we attempted to develop a new
method using an XRCT scanner that is non-destructive and easy to perform. This method gives almost the
same outcomes of characteristic observations as microscopic examination, and is a non-destructive
measurement that dramatically shortens the measurement time, demonstrating that it is an excellent

method.



