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This research project was performed to investigate methods for evaluating the structure and function of microneedle array
(MNA) pharmaceuticals, a new dosage form that is attracting attention for use in pharmaceuticals. We conducted a
literature survey first to find the regulations and development trends of pharmaceutical MNA products, which showed
importance of evaluating needle microstructure and needle puncture property. Property of NMAs that having the
characteristics of both a pharmaceutical and a medical device also made it difficult to establish regulations for MNA
products. We discussed drafts for technical guidelines of NMA development, mainly targeting dissolvable products, and
discussed researchers in academia and industry. Some issues such as a requirement for more specific description of
puncture performance and clarifying boundaries from of the differentiation between MNAs and short needle intradermal
injection were raised. Studies on physical property of hyaluronic acid-based dissolving MNAs showed relevance of
component miscibility on the appearance and strength of the needles prepared by micro-molding method.
In a group to study quality evaluation methods for dissolving microneedle array (MNA) drugs, we showed relevance of
Raman spectroscopy for determining the microscopic spatial distribution of active gradient in dissolving MNAs. X-ray
micro-computed tomography showed clear images of MNAs inserted into the skin. We published the results and a review
on quality attributes of the NMAs. Some dissolving MNAs containing apomorphine hydrochloride were fabricated by the
micro-molding method to study applicability of the analysis methods on their physical properties and structure of the
punctured area. The NMAs also showed rapid absorption of the active ingredient.
Some of us worked on elucidating the transdermal immunity induction mechanism, including
1dentification of immunocompetent cells and immune-related molecules upon application of microneedle
vaccines. There was a marked increase in the gene expression levels of inflammatory cytokines and
Alarmin upon application of the MNAs. Migration of skin-resident dendritic cells to regional lymph nodes
was also accelerated. It was revealed that CD4-positive T cells were strongly sensitized and activated by
the MNAs. We also studied MNA-induced activation of B cells and the promotion of differentiation into
antibody-producing cells at the gene level, as well as in experiments using knockout mice.

We also studied an in vitro evaluation system to assess the skin barrier function and to understand the effects of MNA
drugs on skin function, which serves as a critical barrier between the internal and external environments of the body. We
developed An in vitro human skin barrier function evaluation system, and evaluated the safety of 17 types of dissolving
MNA components against human skin cells. Then we constructed a skin barrier recovery characteristic evaluation system
to estimate epidermal barrier-function, utilizing promoter-driven reporter gene expression. Specifically, we evaluated
soluble MNA components using the claudin-1 reporter expression system and the claudin-4 reporter expression system.
The validity of the "Functional Evaluation System." was analyzed and discussed. Through analysis using soluble MNA
components, a correlation was observed between the effects on skin barrier constituent protein expression reporter genes
and cytotoxicity to human skin cell lines (HaCaT) and human skin primary culture systems.

We also studied property of coated MNAs. We have developed a skin puncture evaluation method using a skin model,
a chemical analysis method for drug permeability using skin tissue and animals, and a mechanical property evaluation
method that simulates actual clinical conditions. TA study on puncture evaluations showed usefulness of Parafilm as a
standard model to evaluate puncture uniformity. X-ray micro-CT was able to evaluate needle breakage of MNAs and each
needle puncture. These results indicated significance of choosing appropriate skin and subcutaneous tissue model to study
the puncture ability of MNA. Study on the characteristics of each needle of MNA indicated importance of setting
appropriate test conditions. Histopathological analysis performed to study the effects of Pseudomonas aeruginosa,

Staphylococcus aureus, and Escherichia coli on rat skin showed relevance of sterile or aseptic preparation of MNA.
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