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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.
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sl Agelshd FHlE mlolaRYU S 25 Sl 85 AE
71Fstol A A2 sk W] o]t} Polydimethylsiloxane(PDMS,
Sylgard 186, Dow Corning, MDE- ©|-&3}4] wle]a2UE n}
2H FRAZHE FH|E vlo]A2UE 25 M poly(lactic
acid)(PLA, Lakeshore Biomaterials, Birmingham, AL)E %
32 200 °C4] vacuum oven(EYELA, Tokyo, Japan)ol|A] 313
A5 &8 F 70kPad] 2 SlellA B 7 koR 3
BAE A At Aol RS 23§ BEE
oA IEAE A AT PLA mlo|AZYES M5

oMol mE [E =H. rlo]azYE 4 fllA =¥
g0 B Ax & AHEAI] vlo|aRYE 24 Al
] 2 A 371 S8l ArlE 9iloh Arle 29
S 2Hsb] 93 SHA, HAE 2da] g AW
DA, A7 A7 AT & Wl 1%(wiv)
carboxymethyl-cellulose sodium salt(CMC, Sigma-Aldrich)<]
ZHAAE Y& &9 19, CMC 1%9} 1%(w/v) Tween 80
(Sigma-Aldrich)] AR A E Hol= &4 11, == CMC 1%
9} Tween 80 1%} 1%(w/v) Trehalose(Sigma-Aldrich)e] 3
FHel g 1S skt 7127F AAE H7RI7E 23
Z17te] ofz &3t &S mlolaRYE 99 mlo]a= I3l
O F 25uL Hojmg L o] ZrlEe AP F HER
vacuum oven St HATH 3058 <t 25 °C 70 kPa2] Y
z270004 AZAIA Foh

7ol e FE MEfet FEME H]I. H7HA ol w}
B FH e I vle]a2YE0] §le PLA platedt 7ol
AZYE FERAVE e AZdA A velZa2 s
o] IHE oFEo] FHH <l xHAelS A3 2l PLA
platecl] & 1, & 11, 8 112 I8 vk a-step surface
profiler(Alpha-Step, Tencor 200)E ©|-8-5t] EHe| =3}
HIE Bk

339 F2AQ rlolazyge] Qi vl AZUE amay
o 7H7ke) FE golo] e TR Aelel W
#23}7] 918 scanning electron microscopy(SEM, JSM-
7001F, JEOL Ltd., Tokyo, Japan)S ©|-&-3lo] mlo]a2UE
o] ¥ #YEE HEeta IH 40| rlo|larYE A
A oM HFHoR Qi e WS Fdstsiditt

=C|& *2|§ 0|88 =Xt OO|3ZLE EM MEL =
g 8§95 wxsl] Hof| mlo]azYEo] 1= PL
nlo]lA2Y Sl =24l AE sl AEA ¥ He
Aok WIS 4 I8, UV/ozone X8| WS AME-3}
Att. F& FHo] FFoE= Au ZHF Pt ZHo| 9oH, 1)
npo]AZ2YE 9o AuE IZH 3] Y314 ion-coater(KIC-
1A, COXEM, Korea)s ARE-3td 7mAdlA] 14034 3H 1t
B3l YA 2) =X E 9314 thickness control
unit(Cressington sputter coater, Dortmund, Germany)=
20mA 9024 3H FHE slo] 243 nm FA€] PtE "3}
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F71491 E2]3 27 WO 2% UV/iozone A2 WL
= UV-ozone cure system(MT-UV-O 05, Minuta Tech, Korea)
FAE o]&ste] 16 W Al71ellA PLA wle]Z2UES A2
skt

=2 X2l & EM 5y #E. 55 38 =24 A
°]%- PLA®S] W A4 WHslE #Fsl7] 9181 contact angle
analyzer(Phoenix 300, Surface Electro Optics Co. Ltd.,
Suwon, Korea)E ©]-8-3ll zt7te] A2]7} ® PLA ¥l of
gk I8 19 HES S8t 7He] AlES 39
4 F WS WAk

39 wlolARUE FRANA follA AFS L
x71¢] 19 A ¥ Y A" 84S "oy
o2 AxT MES 77 FHlsle] SEME ©]
AZU S IH Y=o A 28 1
shsiet.

HH x2|drHol| oty ofF ME &tel. 55121 prt
EH AEE rlo]|A2YES] S BU) g8t sY 2
B 8os I, Adx F =R gl A=A A A &
Ao AR HiX] T)H= 70 °CollA] Bt H AR A
o oA 30 A& F1 F AREste] T Qke] i §F
FS in vivo ZFEIet FAFSHA FHIEIATE. 28] al HA] 9
7t A Ab 98} vzt 7)AIA JE S 2 7] Sls)
S o83t 7zt BAEE ol §A Fck. 37l 718
H](HAP-0015, Hana Technology)E ©]-&3}] 5kgo] To&2
1585 R =3 wjd F optical microscope(sv-35, Sometech,
Seoul, South Korea)y2 o]&3lo] A& F-9]2] FH Yo Z&
o] IkEA] Felstdtt. B3k UViozone X285 &+ nlo]=
2UE 9ol £ 2 &2l 7 = Al carmaine(Sigma)
2%(wiv)e] e 8 2 ZH3 nle|a2UES 59 %
A0 7 HA] TR A2 wdl T ofEo] T o
Hol WA A=A gRlst] flate] D FHO A”E
ZHRE A8t dud o2 AFeG

AlZHol e ofE MY ¥ S P okEo] mlo]a 2
= fo Z8E ¥ 37 T3 F Fo] Ak ©E oFE A
g AEE ZRlIs| flsie] #H&sl] 412 FBEHR calcein
(Sigma-AldrichyS 2dHE2 ARSI HF IHEHLS
&4 el calcein 0.1% ¥ &Ho|rh. Ao 283 =
A BH= oA AFg o datA FHlsklaL, o
Qe L3 F o7 wolARYESS 5, 10, 15, 201 5 2
2l Aot mlelazYES AEL & § 95 Zel &2
calcein> A A3IA L, wlelZ2YE] ZHFHE calcein
fluorescence microscope(Eclipse TE2000-U, Nikon, Tokyo,
Japan)Z #3831, 95 W calcein®] 3= confocal
microscope(Nikon, C1 confocal, Japan)E ©]-&38to] #2313
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Olo|AZLIE2| 8™ 54, 43 o]gd vo|az2YE
< 3z FHlo] FEv=E 2ol 49 mm*e] ® el 10074
o] mlo]ARYEo] Jlom, wlo]ARY S & 7o "ol
250 um, 317} 600 umo]th. Plo|AR Y g T dojxl
PLA mlo]A2UE9] FHle JAY +73E glom, <
3 vlo|aEYER d] 22 FEATH

IE2M 2o 2N, I5E FE2 tipH base Fie] ¥
Ag Axksle] g HulE AAG). vlo]az v Eo] 2}
Aele= AA] FHAL 30.644 mm*|th. 283 nfol32YE
arrayoll A wlo]| A2 Y E FE-S A9 st L A] base A2
42.75 mm?o|t}, vlo]| A2 Eo] X 5= W22} base’l A}
Aete WA, 283 AY FAE AEste] Y o] 7
& 2R8I #daA ZH-e| B 21dstlA &
< wolARYUE 9o 28 21X A mlo]A2UES X718
£ 7mmx7 mm 37)2] ARzFE 72A) AAlels 750 pegd] 2
B =do] dojA|aL I FolA mlolARUE F2A| flole
300 pugel Lofxitt.

712 in-plane 7]¥te] ¥ wlo]ARU S o]}l ]
T-ZZ 600 um2] F=ol9} 250 ume] WA mlo|A7YE
Sk 0.15 mm?e] HA-E 7EX 2 T} HE3F in-plane O]
AZUES S5U02RE AEAHA AREE WAl /1Y)
wjitol] At 28] wlolAR US| g Y & WA
oA Ha 2u o} AL WAE AL Utk A7 T
E vlolagyEe] WL oF 031 mm*e] HWHE 7KL
3L alo|ARYEe] @AY Aol 2do] Thseb] i
of Rr} W2 ¢kEo] nlo|ARYE flof| AYEL HG 5
ATk ARl A dgs]ojo} sl oFEe] Gede = w
g 2R 9 B 74 pgollAl F mg Abelo|tt. mheba W
& AY WG AlFete 3ab F2A Y] A} wle| A2
B2 U S AEE § e Al&gelth

HIIMofl 2 PLA "o ZHOIAM 3 AE B, vfo]
AZUEo| oS Y] Mol ZEE oo FRFARI
EALEHE AAMS] A7) fls) wle]A2uEe] gl PLA
plateol| Al Zt7Fe] ¥ H7HAIE LS WHOE Ik
AZE skl W U o-stepl 2 WO Z343 e E A
slo] Figure 13+ 722 Z3E AUt PLA plate= 9783 &%
H AEE JERH 399 Z=Fo] AlekA] e e oF
0.05 um ©JH <] ¥H roughnessE R AT & [ F&g
o] FEZo 7 Byrlo] AZ7} HUSL °F 0.4 ume] roughness
£ 2ok g9 [pidE =8 39 0.3 um H=2] roughness
= BAch 29 19 4% 02 pm WHollA Z-S roughnesss
Bt CMCEUE Tween 80°] E0i3he ) #dgh 8
S YERNQISL Trehalose®] H7F A #U3 -] E80]
=St} o]3sk A= 71¥ in-plane T4 vlo|AZYEY I
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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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ARUEe] 38 §o] FFol ue} SEMOE w78
EHL Figure 29} 7t} Figure 2(a)= 8 A PLA vlo]=
UL adolt) &9 [ Afell= -8 o] nfo]a2 Y
E Aol HARA) o AxE F oFEo] AR FHA A
nlo]| A2 U 59| JREo|vt FHo| Hglon nlo]lazYE
FHol| =24 F"o] =R eFtth(Figure 2(b)). 1] ¥l
A AF3 Aol trEA CMCe H7E o g ke e
ek HRH FHS Bo] F2] Z3THFigure 2(c)). AW
A Tween 80(1%)5 T2 89 11¢] A5 38 &0 u}
o|AZUE AR AEA HAHA wlo]ARYE FE =
oFE-o] IR o] ATt AR, ZH £ 119] ARG
Figure 1041 Bo] CMCRE A7HENE 75-Hile A9
uto]|ARYE W Ayo] HA] Falal uiet AR &
e A}k =g Ax & ARFATE FLA] Bl A
zZgo] Zo} FHFo] e NS B 5 Uk &9 1
o] FFSHA| Trehalose(1%)E H7Fet 8 MM1¢] 75 &4 11
o} T3+ A7= W AtH(Figure 2(d)). Trehaloses TH& oF
Eo| oMY R AR EE 0 FH H7F BEE o= ¢t
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AAE =o)|7] Y&l Basitt oA A3 Aol g
A2]¥ Table 1914 H5o] 321 vlo|a2YE FHol= o
A5l ZHo] FK| Eala ZEFo] BAA= FA7F AU

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 11 100 10
Solution 111 100 10

o} o] g A 7159 in-plane UEONAM = HIER] ¢
& AR 277t mpo] A2 YE€] hydrophobicity7F 733H
A 7z 5 ZE8 0] rlo]aZYE 7] 300 um Atelell
HAA mlo|ZRUE o] 24 IYE R FEsla FH]7)
wjitoltt. wEhA] FH-gdo] 2HR = 33k A9 A
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A=Atk PLA plateS 55.96°¢] ¥4 ZH=7} Ugith PLA
plateci Al Au7t FEo] H 9ol 54.19°9] Zt=rt 279+
ATH PE S Aol ZEEN P Aol HEZo]
18.63° =T} UV/ozone Z2f=v} A2 $¢] W3lE PLA
HEZRE 34.99°02 SAHEUL. 1197 SHAM BH P
S ¥ AlY =2 7S YERIA 2 th¢] UV/ozone
o= ¥ PLA FHoIth 57 S8 B Auve PLA
£ Zo|7t Q1AL olE Aue I Al 2549 EAS ue

Contact
angle

Physical
process

(a) PLA ’—\‘ 55.96°

Image

[ - s 54.19°

(d) UV/Ozone *=

(b) Au
(c) Pt 18.63°

34.99°

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.



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.

F40]7] wjiolr}.

zizke] E2]3 AE|E 33 mlo|A2YE 724 9ol A
Al &gl IS ZHEA EHORE Ay, Pt 283 UV/
ozonel = 2|t A& ATz} viwsie). vo]azYE
9ol AvE & F Y-S ¢ 4§ PLA FHRET U2 2
g AFE AYAT baseol|A] ZE ZF3Fo] TAS|A] A4
o7 FUst FY FHO| Aojx|A| YL o] fleME A
3 AAE =7 Av®] LA ol A th(Figure
4(a)).” Pt T2t AlEe] A9 IY BHS V23 FH 8
o] & WA glom FYPEA} rlo]I2YE Alo]e] H2H
o] £ ro|ARYUE Ao AA 12 F8o] HACH(Figure
4(b)). UV/ozone 2] ¢ ¥t vfo]az2 &9 EH A
£ ZYEZo] dAs 72e Fe= Fgo] Flen ¥d
of F-=ko] 2 = Th(Figure 4(c)). °l:= UV/ozone®] A €]7}
IR WL AFSIA 7] 7] wiEo|w 1 o] g wHA P}
3319] PLA mlo]32YE ¥HS I EA oxidized 3t 2
£ F8E frsy] otk FlE s nle]la2YE ®

0 X2|dHHo| oMM HF F0i T BAHAE &l %
HE Hslslr] fste] Aut PE rlo|lARYE 39 S
siom AREE Audt P A AHdS THAIAL lHE=
AR UES B A2 W § F5 Fo] BIAA I
el EE 735 Aol s ]= hA wiiel ojH%
o] drt. webr A 2 A3E veplideks HRe
A7F DA Felsr] sl Ad £ 1d Waks e
£ AP vo|ARYEE HR]| Fe] g Byt K23
W 5 92-Z optical microscope® &H13+ A3} Figure 591
Al o] Z}zhe] mpo]AaR Y Eo] Foi7k Fatel Pt 2ol
oA vh2 Flo] AU} Pt ZHo] ¥ wlo|a2YE9)
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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.

Al AR = AL gl #A41&
Aol b Aol o] EAIFSRE 8l F5%1 Pt
FEe] 739Kt} nlo| A2 UEe] Atagat A 95
Al ZHFEo] YA oL 3 o] ZE = UV/iozone ] W
S JEA rlelARYES] FHE AW MHHoRE APt

UV/ozone”7t *12]¥ vle]AZYE ]9l carmine®] $Ht-¥
| IS o83l IR § nlo]ARZYES S| 7ol
2L A AT dAnd o= AEst Aol oJshH Figure
6(allx] Holzo] =T | BIAR | ofs) Fof F9
FHell F carmineS S-S THEZL ¢IUL Figure 6(b)
oAl HEo] ¥ W Fo vt carmine®] U= AS Bl 5=
UTHFigure (6)). ©] 235 F3l FHAHE S rlo|aA=
UEd ZyE4o] ek HEES 7R
o] Ao R e AIT F UeS HATh

AlZto]| e ofF MEF I Eih BdoHEQ] calcein®] F
71 &9 IMIE IZ"YE UV/ozone Plo|A2HES] o5 F2
Az &A1Y 229 8§ BEE AU Figure 7
oM Hzo] vlolARUE FHolr #EE FF WS v)
w3k Aol mEW 5% 5k 1o REL - F (Figure
7(b)) PlelAEUE $1o] &3-2 g435] A =27] A (Figure 7(a))
Ho} ggo] 0o} 8oto 7 npo|agyUEe] Jes A
g AS AR WE 7HAL ol BE IE 4ol =
A Fakal o] dR7F T 2HREe-S YERITH 108
o] oAk 5ol vlsl Fgo] Al717F ZAE UL 158
(Figure 7(c)# 203 &<t A& vlolA=USe] 44 d3&
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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.

78] GeRA] 3ttt et 29 RE 2SI
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EYXE 7z W wE calcein®] ¥3X= Figure 89} 72t} 3
5 100 um Zo] oA &3A1S BAT 22094 300 um
<] 710177}21 G370l 0] Hol 2 AR efEol e
HAS AT = AAh HHE epidermis 5] F717F
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