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Studies on the use of microneedle for the application of the percutaneous absorption and transdermal
immunization of drug
Asuka Takeuchi

Pharmaceutical active ingredients currently marketed vary from low-molecular-weight to high-molecular-weight compounds,
such as peptides and vaccines. Dosage forms for those compounds are mainly oral preparations and injections. The oral
preparations have advantages in terms of accessibility and cost. However, the gastrointestinal tract is a hostile environment for
degradable drugs. On the other hand, an instantaneous and direct effect without the absorption process can be expected for
injections. However, trained professionals are required for injections, in addition, potential pain by injection and risk of infection
diseases will be concerned. Recently, transdermal patches have received attention as an alterative dosage form to the oral
preparation and injections. The transdermal patch has superior characteristics such as avoidance of the first pass metabolism,
easy-to-use and self-administration. However, these are difficulties in transdermal patches to deliver water-soluble compounds and
high-molecular-weight substances because of barrier properties of the stratum cormeum. To overcome this problem, the
Transdermal Drug Delivery System (TDDS) using physical enhancing techniques has been widely studied. In recent years, the use
of microneedle (MN), has emerged as a novel technique. MN with lengths of several hundred micrometers penetrates through the
stratum cormeum and creates a direct permeation pathway for the drug into the skin, thus improve the delivery of drugs without
pain. In a previous study, many types of materials and aspects of MN were examined. However, fundamental properties of MN as
a TDDS have not been characterized at present. In this study, the author designed dissolving MN with 500 um of length and 300
um of diameter at their bases, composed of biodegradable chondroitin sulfate. The drug is formulated at the acral portion of the
MN, which has a two-layered structure. After administration transcutaneously, the MN is expected to be dissolved for releasing
loaded drugs. Systematic absorption of drugs across the blood vessel depends on their molecular weight. MN is anticipated to be
available for systemic delivery of low-molecular-weight compounds, as well as intradermal delivery of high-molecular-weight
compounds for transcutaneous immunization (TCI). However, it is not clear whether MN is useful for these compounds. Further,
skin serves as an immunological barrier, and dendritic cells distributing in skin is a target of effective TCI. As vaccine application
has been extended to treatment of cancer and allergic diseases in addition to infection, MN is expected to be a useful technique to
achieve TCI. However, basic information regarding potential influence of MN to the dendritic cells is not provided sufficiently.
The purpose of this study was to characterize the MN in terms of systemic absorption of low-molecular-weight drugs and potency
for TCI. In chapter 1, the author characterized the MN containing water-soluble low-molecular-weight compounds as a
preparation for systemic absorption. In chapter 2, intradermal delivery of high-molecular-weight compounds was characterized to
prove potency as a TCI. In chapter 3, influence of application of MN on activation of dendritic cells was investigated.

Chapter 1: The characterization of MN as a percutaneous absorption formulation

For systemic drug absorption, the author prepared a dissolving MN array chip (MNAC) containing a water-soluble
low-molecular-weight compound. Granisetron (GST) is used as a model drug, which has low skin permeability. In this study, 100
dissolving MNSs, containing GST were prepared on a 1.0 cm? chip. From the feature of blood concentration, it has been ascertained
that GST was immediately absorbed with high bioavailability (95%) into the systemic circulation after application of the
dissolving MN. Dose-dependency was observed in C,x and AUC when MNs containing different amount of GST were applied.
These results indicate that the MNAC can be useful for achieving rapid systemic absorption of water soluble
low-molecular-weight compounds.

Chapter 2: Characterization of MN as a TCI formulation (antigenic protein delivery and antibody production)

MNAC containing a high-molecular-weight compound (model antigen) was prepared for evaluation of TCI. Ovalbumin (OA)



was chosen as a model antigen. The MNAGC, consists of 225 dissolving MNs on the area of approximately 2.25 cm? As compared
to subcutaneous and muscular tissues, the epidermal and dermal layers of the skin contain a large number of antigen-presenting
cells (APCs), including Langerhans cells (LCs) and dermal dendritic cells (dDCs). Therefore, MN, which can directly delivers an
antigen into the skin, is expected to be a tool for vaccinations with the least amount of antigen. Application of MNAC containing
OA induced equal to higher amount of total Ig (G+A+M) antibody titer compared with subcutaneous injection of OA solution at 2
and 4 weeks after application. These results indicate that the MNAC can be used for TCI. The MNAC did not change anti-OA
IgE levels compared with control, suggesting that no allergic reaction can be occurred by the MNAC application. Thus, MNAC
containing a vaccine antigen can be a useful for TCI.

Two different types of MN, i.e. a three-layered dissolving MN and a two-layered dissolving MN were designed to deliver OA
mainly into epidermis and dermis, respectively. A large number of LCs exist in viable epidermal layer. Based on these facts, |
designed a three-layered dissolving MN with OA formulated in the second layer to deliver the OA to the epidermis. From the
histological study, it appeared that the two-layered dissolving MN delivered OA into mainly dermal layer, whereas the
three-layered MN into both epidermal and top of dermal layers. Furthermore, induction of OA-specific total Ig (G+A+M)
antibody the index of systemic immune response in plasma were increased by 2.5-7 fold by the three-layered dissolving MN
compared to the two-layered dissolving MN. Results suggest that target site of drug delivery can be controlled by adjusting the
drug-loading site in the MN. Thus, MN formulation achieves efficient TCI.

Chapter 3: Characterization of MN as a TCI formulation (the initial assessment about the physical stimuli)

Since physical stimulus to the skin such as tape stripping are reported to activate immunocompetent dendritic cells, physical
stimulus by MN may induce similar activation of the immune cells in skin. The activation of the dendritic cells, the innate immune
system, is considered due to adjuvant effect. In this chapter, activation of immunocompetent cells was evaluated after application
of MN as physical stimulus.

The expression of MHC class-1l and costimulatory molecules of LCs in skin was demonstrated in an upward trend after
application of MN. Expression of their molecules in dDCs was also increased by the MN application, but their expression level
was lower than in the LCs. Thus, it is evident that physical stimuli given by MN can induce activation of APCs or an adjuvant-like
effect. Two different needle lengths (500 and 300 pum) of MN devices were used in this study to evaluate the effect of the
penetration depth on APCs activation in skin. The 500 and 300 um MNSs could penetrate the skin by depths of approximately 230
and 130 pum from the skin surface, respectively. Activation of APCs indicated by MHC class-11 and CD86, expression were higher
in 500 wm MN than in 300 um. In conclusion, the use of MN allows efficient TCI by direct delivery of antigen into skin and
adjuvant-like effect by physical stimulus.

In this study, the author demonstrated the fundamental characteristics of MN and usefulness of MN as a TDDS. The
information identified in this study could contribute to the preparation of useful MN devices.
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