50353801 : MAJOR : PHARMACEUTICAL TECHNOLOGY
KEY WORDS : HOLLOW MICRONEEDLES / INJECTION / TRANSDERMAL DELIVERY /
MACROMOLECULES
NANTHIDA WONGLERTNIRANT : HOLLOW MICRONEEDLES AS A CARRIER FOR
ENHANCING SKIN PENETRATION OF HYDROPHILIC PERMEANTS. THESIS ADVISORS :
ASSOC. PROF. TANASAIT NGAWHIRUNPAT, Ph.D., AND ASSOC. PROF. PRANEET
OPANASOPIT, Ph.D. 114 pp.

The objective of this research was to study the parameters affecting the skin
permeability of drug when employing the hollow microneedle as a delivery method. Thus, the
potential of a hollow microneedle for enhancing the transdermal delivery of a large molecular
hydrophilic compound was investigated. The effect of variable parameters i.e. injection
volume, number of injections, concentration, and molecular size, on the in vitro drug release
behavior was determined from skin. A hollow microneedle was prepared from a 33-gauge
hypodermic needle. Fluorescein isothiocyanate (FITC)-dextrans (MW 4 kDa), FD-4, was
used as a model compound, and it was favorably loaded into the lower epidermis as well as
the superficial dermis of the dorsal rat skin by a hollow microneedle. Up to 20 pL (bolus
injection) of FD-4 solution was successfully administered into the excised rat skin without any
leakage. In all cases, more than 60% of FD-4 was released from the skin over 8 h. The
release profiles of FD-4 were analyzed by the Higuchi model based on Fick’s law of diffusion.
It was observed that release rates of FD-4 from the skin were approximately linearly
increased with the amount of FD-4 injected (RZ:O.955—0.985), and almost the same
independent of the number of injections with the same total volume delivered. The release
profiles from skin of the different concentrations of FD-4 solution were not significant
difference. The FD-4 release rates of the first 30% release, however, were tended to
decrease with the small injection volume of the higher concentration. The diffusivity of FD-4
after administration by a hollow microneedle was almost the same as its diffusivity in the
viable epidermis and dermis layer and much greater than that in the stratum corneum (SC),
indicating that the SC is a rate-limiting barrier for any substances to cross the skin into the
body. The release profiles from drug-loaded skins were also compared by changing the
molecular weight (MW, 20-40,000 Da) of the hydrophilic model compounds. The larger
molecular size of compounds caused the lower release rate from skin. Moreover, the results
revealed that the viable epidermis and dermis restricted the penetration of macromolecules
which have MW more than 40 kDa. These studies suggest the utilization of hollow
microneedle to enhance transdermal delivery of even large molecular hydrophilic compounds
and provide useful information for designing an effective hollow microneedle system.
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