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Abstract

Patch-based transdermal drug delivery offers a convenient way to administer
drugs without the drawbacks of standard hypodermic injections relating to
issues such as patient acceptability and injection safety. However, conventional
transdermal drug delivery is limited to therapeutics where the drug can diffuse
across the skin barrier. By using miniaturized needles, a pathway into the
human body can be established which allow transport of macromolecular drugs
such as insulins or vaccines. These microneedles only penetrate the outermost
skin layers, superficial enough not to reach the nerve receptors of the lower
skin. Thus, microneedle insertions are perceived as painless.

The thesis presents research in the field of microneedle-based drug delivery
with the specific aim of investigating a microneedle-based transdermal patch
concept. To enable controllable drug infusion and still maintain an unobtrusive
and easy-to-use, patch-like design, the system includes a small active dispenser
mechanism. The dispenser is based on a novel thermal actuator consisting of
highly expandable microspheres. When actuated, the microspheres expand
into a liquid reservoir and, subsequently, dispense stored liquid through outlet
holes.

The microneedles are fabricated in monocrystalline silicon by Deep Reactive
Ion Etching. The needles are organized in arrays situated on a chip. To allow
active delivery, the microneedles are hollow with the needle bore-opening
located on the side of the needle. This way, the needle can have a sharp and
well-defined needle tip. A sharp needle is a further requirement to achieve
microneedle insertion into skin by hand.

The thesis presents fabrication and evaluation of both the microneedle
structure and the transdermal patch as such. Issues such as penetration
reliability, liquid delivery into the skin and microneedle packaging are
discussed. The microneedle patch was also tested and studied in vivo
for insulin delivery. Results show that intradermal administration with
microneedles give rise to similar insulin concentration as standard
subcutaneous delivery with the same dose rate.
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