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Abstract: Polymer microneedles can be fabricated by a micromolding method, an easy and cost-effective method. How-
ever, it is not easy to achieve uniform coating with an aqueous coating solution due to hydrophobic surface of polymer
microneedles. 3-Dimensional coating polymer microneedles could deliver more than twice as much dose as in-plane
metal microneedles by increasing coating area and the number of microneedles per unit area. A uniform coating was not
obtained by addition of coating additives in the coating solution. The satisfied coating was achieved by treatment of sur-
face of polymer microneedle with metal deposition and UV/ozone, and UV/ozone treatment was an ultimate surface treat-
ment method based on biological safety. Calcein coating polymer microneedles were prepared by using UV/ozone
treatment and followed dip-coating, and they delivered calcein in porcine skin successfully after 15 min of insertion.

Keywords: coating polymer microneedle, 3-dimensional polymer microstructure, transdermal drug delivery, UV/ozone,
safety.

N E R A Lt 5 8 L ERIECRIE

A %e] Sojgle] S SlolA] HowA eREg HY

ol AEUES QRS FEA WA F3) o AR A s §89 UE, UF 9] ol agseigle 9 U

sgoley, el Age] Sl A0] B2E GGl S Hol D o] 5 Y molTEUSE Helo] faA ko

o] 3] Bk FHEE F7PI71T, S00Da obge] A5 EEso] WF-E Fol F WA Aol Ho the Fehe)

FES FFo| glo] AYY & Uk vlolAEIES) FRe|  vlolAEUE Bk wEA RS AT & gk Il 3
© Aol A vl ARUE Best go] e th

"To whom correspondence should be addressed.
E-mail: pa90201@gachon.ac.kr

391

71%2] FH vlo]F2UEL 23] e in-plane Tlo]=
ZYEZR, 9502 TwEAXA 54 oFEe FHo| 4%
A 0] g;q.s AMEE 342 F2 AH)Qlgls Lo E



392

ol

g

g o] AA o] e F502 AFH &
sheetZFF] laser cutting, wet etching®] 71&3} 78 F4
@ 7S o]83k] FEIE YRS electropolishing®] F7Hy
S Fote] 2x4e] Eo] WEg nlo|ARE0] R0 71
T} mlo] A2 U5l S AW WO REE dip 28
oL} spray 38, roller 28 WS o] &gttt AR US|
o] AEHRH 2= WAl $2E gl et
G EApFe] oFzo] oM ofZo] BH 9o A& I
< flal A dAeL SA|ek 2 A7 2ol B
ARk, 719 in-plane 7]8Fe] FE wlo]A2UES o]xHA]
)l FERE Qe F2 WAL 7HAL XL ve|ARUSS &
2 sheetZH-E Attsh= 3goA wlo|a2YE0] xA|8laL
A HHLE AMEE 5= Q17] wlitel] Y E MEE= oF=
o] o] At} 2L w5 7o FAWHO R Qlal] ok
RS 913 A& 7EA o] HIMTE, Bgk 22119] in-plane & E
o]7] wjizel F]Foll HZ2+= =7+ bucklingell 23] & 71 9L
ow, o]Z &) wle|ARYE T Ao FAV 2T
9}]\1—4_.10,11

58 nlo]a2UEe] A a4 JslE wE A
S o] &3t bdstaL AAZQl rlo] AR wlo|ARUES
Azsfor & D art sk Taelste] FDARNH 37k W2
AA Aehet el aiEAtel AAFS] nfolaREY Ve
< o]g3te 3 FRAIR] AL rle| ARV ES FH|SH
3L o] 2R oFe-S FYste] AY wlo|ARUES FHISI0]
th AR ARARE HEQT] wiel 4] rlejazYE
o] dR7} Fate] Hole FAZL HA] & 29 3HS ©l
&3l vlo|ARYES TR Wi rlelaA2YES AlZt
sh710 Aotk Egk aiA) wlo| A2 Y Eo] 321
ZAR FZ JgH o7 oYL in-planed] HlE] W& WA
S 7L oA I A ALE= R o] HlwA B

= Aol Aok SIA| Rk, IR} nlo|ARYES LA
AT mlo|AR LA 0]7] wol] 2L oF=
| ot wlo|aE FxA|Y F#dalA FES =
o] oF=S Adalr] flal S8 Fitolth
-2 Fatel] A= oF=o] BAXAY I
o] WslE vHE 4 A7) wjitel] afsfof gt

B ApdMe =9oR FH]E PLA ARl Eat vt
o|ARU S Y3 79 IHEH0] IR = 20S &

JELIEEREELSERE SR EERELEEE

>y b

0s
M
o, N, oX,
O"‘JUN

_-,]_7

4y %5% flo o
F{F

o,

lo

nétn N
rlo

CEOESLEL DI EESIO De R ESETRY
AzUSe) oFEe) Ag 54 BT,
4 3

X ojo|22LISe| HE. B AFelN A8 vlolL
2UEL vlolag BY 71YE o §3le]l FHSIILLE 19

Zan, A384 A35, 20143

g

sl Agelshd FHlE mlolaRYUS 5 Sl 85 AE
71tstoll A A ZFsk= W] olt). Polydimethylsiloxane(PDMS,
Sylgard 186, Dow Corning, MD)E ©]-8-5¢] nle]a2UE wn}
2H FRARFE FHE vlelagUE BX <l poly(lactic
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Figure 1. Surface profile measured by the Alpha-Step, of PLA sur-
face before coating, coating with CMC (solution I), CMC+
Tween80 (solution IT), CMC+Tween80+Trehalose (solution IIT).
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Figure 2. SEM images of (a) intact polymer microneedles and, coat-
ing microneedle with (b) solution I; (c) solution II; (d) solution III.
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Table 1. Portion of Spreading Area of Coating Solution on
PLA Plate and Portion of Coating Area on PLA Microneedle
Structures

Portion of spreading
area on flat surface

Portion of coating

Coating solution area on a microneedle

(%) (%)
Solution 1 30 0
Solution II 100 10
Solution III 100 10
o} o3 g AL 719 in-plane UENAME R A &

2 A 7R} vlo]AZYE 2] hydrophobicity”}F 743l
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Figure 3. Water contact angle studies of (a) PLA surface; (b) sur-
face deposited with Au; (c) surface with Pt; (d) surface treated with
UV/ozone.
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Figure 4. SEM images of coating microneedle (a) deposited with
Au; (b) deposited with Pt; (c) at high magnification; (d) at low mag-
nification after treating with UV/ozone.
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Figure 5. Optical images of Pt residue in porcine skin after pene-
tration and removal of Pt coating microneedles at magnification of
(a) x50 (b), (b’) x100. Dashed line shows remaining Pt in skin.

Figure 6. Optical images (a) of the skin surface; (b) inside skin after
penetration and removal of coating microneedles with carmine-solu-
tion III. Dashed line shows the insertion position.
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Figure 7. Fluorescent images of calcein coating microneedles (a)
before insertion; (b) after insertion for 5 min; (c) after insertion for
15 min.

Figure 8. Confocal images of porcine cadaver skin after insertion
with calcein coating microneedles at (a) 160 um; (b) 260 um depth
from skin surface.
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