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Abstract: Two types of polymeric micro-needles with 250 and 750 um lengths were prepared by a micromolding pro-
cess. The geometry of dissolving micro-needles with minoxidil was investigated and the mechanical property of polymer
micro-needles was also evaluated. Water dissolving micro-needles containing minoxidil were successfully inserted into
skin and delivered minoxidil to the skin layer after 30 min of insertion. The observed hair growth was less when the
minoxidil treatment was not applied or used without the micro-needles than that the minoxidil was applied by micro-nee-
dles. Histologically, these hair follicles became bigger, and the hair papillae were totally encircled by the hair bulbs. In
this feasibility test, we show the successful delivery of minoxidil, and effective treatment of hair loss can be possible by

using dissolving micro-needles with minoxidil.
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Figure 1. Dissolvable polymer micro-needles encapsulating minox-
idil. (a) photo image with minoxidil, and SEM images of 750 pm
micro-needle at the magnification of (b) x40; (c) x100 and 250 pm
micro-needle at the magnification of (d) x40; (e) x100.
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Figure 2. Optical images of skin after penetration and removal of
drug encapsulated micro-needle with 250 um length into human
cadaver skin ((a) trypan blue staining and optical investigation
microscope; (b) calcein spots by fluorescence microscope).
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Figure 3. Confocal images of insertion depth by 250 and 750 um of
micro-needle into human cadaver skin (a) 250 pm; (b) 750 um.
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Figure 4. Confocal microscopic images of calcein distribution in
human cadaver skin at (a) 0 hr, (a') 4 hr after insertion and removal
with 250 um micro-needle, and at (b) 0 hr, (b') 4hr after insertion
and removal with 750 pm micro-needle.
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Figure 5. SEM investigation of the change in length of micro-nee-
dle by dissolution after insertion into skin for predetermined times
of (a) 0 min; (b) 15 min; (c) 30 min; (d) comparison of in vitro and
in vivo dissolution rates regarding insertion time.
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Figure 6. Photo images of C57BL/6 mice as a model of animal
experiment, treated in the back skin according to the method of
delivery. After 18 days; (a) negative control (NC); (b) minoxidil
solution (PC); (c) 250 um CMC needle; (d) 250 um minoxidil nee-
dle; (e) 750 um minoxidil needle.

Figure 7. Images of H&E staining of mouse back skin (a) nega-
tive control (NC); (b) minoxidil solution (PC); (c¢) 250 um CMC
needle; (d) 250 um minoxidil needle; (e) 750 um minoxidil nee-
dle.
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