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Abstract

Microneedle devices are composed of an array of micron-size needles which represents
promising tools for the delivery of drugs or active to the skin. The present study was
designed and fabricated the silicon wafer and PDMS mold of micro-delivery patch
(MDP) with photolithography technique. In order for development of MDP, it is of
paramount important that the microneedle depth ranging from 200-550 um, interspace
tip ranging 100-300 ym and tip diameter between 100-200 pm to provide into the
penetration process. This research was fabricated the micro-delivery patch from the
biodegradable polymer and their derivatives. Using the silicon wafer and PDMS mold, it
was suitable to fabricate hydrophobic polymer and hydrophilic materials microneedle
array, respectively. Both of hydrophobic and hydrophilic microneedles could be
fabricated with consistent shapes and dimensions. Furthermore, micro-delivery patch
presented significant enhancement in the skin penetration of PLGA nanoparticles which
act as the model drug. PLGA control presented the amount of fluorescent dye
(cormarin-6) deposited on the upper dermis when compare with PLGA-loaded micro-
delivery patch. PLGA-loaded micro-delivery patch significantly enhanced (2 fold) the
permeation of PLGA nanoparticles into the skin layer. Finally, the dissolving micro-
delivery patch also was fabricated with hydrophilic polymer as cellulose derivatives to
develop and enhance dissolution of drug / active ingredients depending on the time
degradable of needles. MDP formulations would be dissolving only require at least 10
minute application period allowing the microneedles to degrade and release the drug
into the skin model. These dissolving MDP can accomplish a controlled drug release
capacity in proportion to their degradable characteristics. Therefore, the controllable
properties of microneedles factors with biodegradable, biocompatibility and their
formulations are important to design and fabricate the MDP array. These micro-delivery

patch has the potential with improved topical and transdermal delivery systems.

Keywords : Microneedle, Biodegradable, Topical delivery system, Encapsulation
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A19191 1 Summary of micro-delivery patch diamensions and mechanical properties

Designation Interspace (um) Length (um) Base diameter (um) | Aspect ratio
A1-1 100 200 100 2:1
A1-2 100 400 150 2.67:1
A1-3 100 550 200 2.75:1
B1-1 300 200 100 2:1
B1-2 300 400 150 2.67:1
B1-3 300 550 200 2.75:1
C1-1 500 200 100 2:1
C1-2 500 400 150 2.67:1
C1-3 500 550 200 2.75:1

1a8U#IAAIINE1IVBILYY needle ﬁ"L@Taamwumaaﬁmwuagiuﬁw 200 — 550
Taulastwas 49a1nnsusaduanuaunsnlunisiiulasss v s waInes 92818130
iutwAn lalusa9u0s Stratum corneum, Epidermis L8z Dermis wonanTuas aur
Interspace, Base diameter WLz Aspect ratio %zﬁwa@iamiwymml,l,a:ifugﬂmaa MDP lag
ﬁ]xﬁwmsﬂiuﬁuslumsﬁugﬂ MDP o'lulugrnpassuisosini 2 (miifugﬂuu silicon
wafer mold) LLa:mu%”ﬂdmﬁ 3 (ﬂ’]?’ffugﬂuu PDMS mold)
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e
=
).
N

¥ . . a &l 1
2. NIRILaraanttyy micro-delivery patch (MDP) AlanaalNaIndasaaale

&1V silicon wafer mold tN@N1IHIAINIIHINATES

= =3 1 { § ‘&’ v
2.1 MU UFARIWNANIZ]NVDI PHBV polymer tWan139%31) MDP Liulassaing
VRPN

AN silicon wafer Lflugﬂl,wumu gﬂﬁ 5

Interspace B di i
» 50 » 200
MPD-A1 100 » 100 » 400
» 200 » 550

» 50 » 200
» 200 » 550
» 50 » 200
500 » 100 > 400
» 200 » 550

317 5 uanIANHME28Y silicon wafer mold filzlwn132uzvas MDP

m‘sw“mlmiﬂum‘sﬁugﬂmad silicon wafer mold @28 polymer 71{% solvent base
Tagld pattern A Milu basement va3uns needie Wuduuuunisgsasz laswodiwas
‘ﬁi"ﬁ’ Ao Poly[(R) -3-hydroxybutyrate-co-(R) -3-hydroxyvalerate] (PHBV) Juwadiwas
ziammﬂﬁma%umwm:gawaﬁ"laman%é’aﬂﬂmam (Polyhydroxy alkanoate, PHA)
dsznaudlolanadinasszning Poly-3-hydroxybutyric acid (PHB) Wa s Poly-3-
hydroxyvaleric acid (PHV) @9 PHB uas PHV law afwa’ ldvnnimdnvasnglas
(glucose) waznsalwylwlafin (Propionic acid) aruidundnd1d Tm winiy 143 uaz
Tg WinAL -4 °C é’oifuﬁoﬁmwﬁwﬂ;uLLazmmmwﬁvaé’dw CRPTRPTILVQURTIC ARTINES
NITUIRMTHER 1% NSHAADIA waz Raufidesaansldnisiinwaderh i'acqwau BNEY
LT LRENINTUNNE L
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OH OH

nCH;— CH — CH: — COOH + n CH:— CH: — CH — CH; — COOH
3-Hydroxy butanoic acid 3-hydroxy pentanoic acid

l H.0

O—CH—CH:—C—0—CH—CH:

|
CHs O CH:— CH; O "
PHBV

fﬂi—D

suUfl 6 wanslassdaironigiadivas Poly[(R) -3-hydroxybutyrate-co-(R) -3-

hydroxyvalerate] (PHBV) filzlwn132u31 MDP

-4 ' g £y % { o ' o { o o
nsiusduduudzifiasduld PHBY Ndadud1a9nun 199 5-20% wt ludavinazans
chloroform igmannd 60°C 67t water bath shaker 31N1UIINENTAZAY PHBY Nla3ea

£ ' . { %% a . X
W AUIUUUURY silicon wafer iLaTowlidroinadia evacuation (Wxasn13tugd MDP lu

gﬂ‘ﬁ' 7)

Fabrication of PHBV-forming MN arrays

PHBV at high
concentration

PHBV at low
concentration

Characterizations (\Z <<

PHBV microneedle arrays

Cure and peel off

> el

Polymer + Solvent Casting polymer on Polymer microneedle

the mold

array

4 & ' a
Jun 7 nszuannsangil wHwLUzanNaaLNas PHBV (Poly[(R) -3-hydroxybutyrate-

co-(R) -3-hydroxyvalerate])
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% > 1 v v § A‘ 1 { v U
nnnsUiugandmanuitntuees PHBY Alglunslugd wuihnanududu 8%
PHBV tiusaainiinunzlumanamewiuy laovinl lains MDP Ndanunwnas

] { 1 g aQ ] §
mmﬁwquﬁmmzawamwugﬂLLa:m:mumiwammu MDP (gﬂﬁ 8)

5%Polymer 15%Polymer

10%Polymer 20%Polymer

{ a a o { = 1
Eﬂ*ﬁ 8 u.amn'mh::mumﬂsmmuazammuﬁmmzau"lumswugﬂmeujze’fm
a H 1 %) 1 [~
WARLNDINANLITNI BT I 5-20%wt (N) ansmzvatuuwule (2) uaz () 1w
a ® AL a1 [ v ¢ o @ .
anﬂmwmmu‘nm%gﬂ‘nammanaaagammuwmawma (optical lens) 10X Laz

20X ANA1AU

2.2 MyUssiuan s ua Ikt nkileal8nand Optical microscope

MNUANIMFATINVEY PHBY Minanzauludinsosnisnasasil 2 wuinfinanusudsu
8%PHBV Lﬂua‘”@mmuﬁmmmmaawaﬁma‘?ua:m:mum?fugﬂﬁﬁaﬁwmﬂfugﬂLLw'u
wsduRasIuaIWaRINBSTIATLA tWaLSeuIfisusnEmead mold (Pattern A) #i
wnnzaa lasdnsdadvauiaidudiuguinaiszaadn (Diameter), AdnudnvaILdy
(Height) Laz3282%1932% 319194 (Interspace) LLamé'ﬂmm:@”agﬂﬁ 9, 10 uaz 11 0

JeuLH193ERINDN 100, 300 WAz 500 um
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Interspace 100 um

(Height 200 um) (Height 400 um) (Height 550 um)
@. 50 ~ .-v e N \ \ SN
o mEnnnny ER § TR

R Y
O )
O

@. 100 um

{ [ 1 1 a { o 1
Ell“?l 9 LLdAIanabsUY LLN%Llﬂgﬁﬁ%EﬂﬁﬁﬂWﬂal&lﬂg PHBV ﬁm‘n%m:ﬂzma

1 [~3 1A
IEWI9LTNDLN 100 pm

a & & (2 ' o & A v [l 6 <
"i]']ﬂﬂ’]il]izL&I%ﬂ'ﬁ"ﬂ%gﬂlﬂﬂ\‘]@]% WU J9819 3 Ao ?J%"I@]Lﬁ%ﬂ']%ﬂ%ﬂﬂﬂ%‘i“ﬂﬂ%“ﬂll

. < . ' ! I ' &
(Diameter), ANUANVBILDN (Height) UazIzaziI93zniNalu (Interspace) ANadan13Uw

suuaznIRanuiBLLzaanINAURLLNIAY Taoupiniden lain laeaziusina

v A & g a [ a A '
AI8AIDI Texture analyzer LLﬂxﬂﬂaaUﬂ'ﬁT%gﬂ‘Uad patter UNUNWNDNLNDT ﬁu@ﬂ%"]@lﬂvl,ﬂ

Interspace 300 um

(Height 200 um) (Height 400 um) (Height 550 um)

@. 100 um Z ¥

@. 150 um

@. 200 um

v

4 (% 1 { Aa 4 { o 1
sin 10 uamanﬂmwaaLmuuﬂzﬁﬁuzﬂﬁwwaamai PHBV fiN1A®A 82919

u

1 [=3 1A
IEWIN9LTNBLT 300 pm
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Interspace 500 um

(Height 200 um) (Height 400 um) (Height 550 um)

<. 7 .
///

@. 150 um

iz 8
J

@. 200 um

v ]

{ 04 1 { Aa 4 [ 1
s 11 uamanﬂmzmaametﬂzﬁﬁugﬂﬁ'wwaamai PHBV fiN1A®%A I 82%19

u

1 [=3 1A
IEWI0LTNBET 500 pm

2.3 MyUss AN AU Ike 1N Interspace 100 um @28naad SEM

Interspace 100 um D16 SIM13 OXI16
(Height 200 um) (Height 400 um) (Height 550 um)

Al2
(@. 50 um)

A2
(®@. 100 um)

A4
(@. 150 um)

A7
(@. 200 um)

v

{ (% 1 { Aa 4 { o 1
s 12 uamanﬂmwaaLmuuﬂzﬁﬁuzﬂﬁwwaamai PHBV fiN1A®A 82919

u

1 [=3 1A
IEWIN9LTNALTN 100 pm
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=3 § v ‘&’ 1
2.4 Mmydsufinanugsnaadun laannnisingdlu pattern SUBLUAN 9

1 { k% J a { { Q 1 ¥ o
uHuudz MDP fldannnistugduaswafiues PHBY 1 8% wiw idnsmuzd1sgi
UszifinuazItaszANan1an Height reduction Wae adhesive force @18L1A389 scanning
electron microscope (SEM) a2 texture analyzer @MN&19L 3NTNNNTILATTALACUITLAU

o . o - C X .
WUI1A13882W1955W 3N tip (interspace) 71 100 um AdINAdBAIBINNTIUIUVBILY
W A a ' \ LA o & AaA .
pilis Houfga lasdsziiiuaindiaugivesuns pilis 1ldann1siugunddn high
reduction agﬂmm 20-30% LiaLgunUen Interspace 71 300 Laz 500 um 2zd61 height

reduction NY1NNIN 50%

A & A o & @ < o {
I@ﬂﬂ’liﬂizmuﬁl’mﬂ’a’mgjwaoLﬂmﬁvl@lﬁ]’mﬂ’li"ﬂugﬂLﬁﬂﬂﬂﬂﬂ’;’]&lgd@d@mmad pattern ﬁ

J s [ v v v o v § 1
lﬁumimugﬂ I@] 8’]@@]’3'\“@3\‘1% aNUAGIEC L E’J\‘i"ga‘ﬂiiﬂﬁ WEATNUTIRNNILNERIAN

Height reduction

%Height reduction = Initial height — MN height

4 - . L . .
TynHamIaTzRazszdud height reduction asuaasluzif 9 lae pattern Nl

x 100
Initial height

ANnuAnUaIduuINazian height reduction NININAIN pattern NAANNANFINTN

(A)

80
60
40

20

Height reduction (%)

80

60

40

20

Height reduction (%)

Height 550
Height 200
100 150 200
Diameter of needdle (um)
M Height 200 Height 400 Height 550
Height 550
Height 200

100 150 200
Diameter of needdle (um)
H Height 200 Height 400 Height 550
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Gl

&

= 80

0

g 60

ki

S 40

£ Height 550
‘T 20

T

0 Height 200

100 150 200
Diameter of needdle (um)

M Height 200 m Height 400 Height 550

3U7 13 waAIAT Height reduction %a991nn138u3dudwudzlagl3auiiauain
1/298N2ad pattern (A) Interspace 100 um, (B) Interspace 300 um Lag (C) Interspace
500 um

2.5 N33 AURIALTINAVDI MDP ¢aRIRbIZ1889

a ey 1 IJ v 1 1
ﬂizLNuﬂmaNU@LLﬂzﬂ’]ﬂqLLjﬁﬂ@Ta(] MDP ﬁ“ﬂu;il]@'ﬂﬂ 8%PHBYV a3 pattern A BN
Antasnaad lasdaTziensiaIad Texture analyzer (Probe: 25 mm cylinder aluminum

Adhesive: Stickiness measurement of adhesive patch with the use of cylinder probe)

Adhesive measurement

Cylinder probe
wehuwlzTugy

UHURIMIIANADS

311 14 uamLﬂ%aaﬁauaﬁﬁmiﬂ‘szmqmaﬂ‘@maoLm'% MDP-Pattern A

17



A13191 2 URAIALIINAVY MDP Weiae pattern Nidaf1nIs1aad

Interspace 100

Pattern code

Adhesive force (N)

Height 200 um

Height 400 um

Height 550 um

D16

SIM13

OX116

Dia. 100 A2 0.29 1.02 1.51
Dia. 150 A4 0.92 0.45 0.13
Dia. 200 AT 0.54 0.31 1.00

Adhesive force (N)

Interspace 300

Pattern code

Height 200 um

Height 400 um

Height 550 um

D16 SIM13 OX116
Dia. 100 A10 0.69 1.89 2.72
Dia. 150 A5 0.98 1.57 2.04
Dia. 200 A8 1.15 2.24 0.57

Adhesive force (N)

Interspace 500

Pattern code

Height 200 um

Height 400 um

Height 550 um

D16 SIM13 0X116
Dia. 100 A11 0.58 0.53 1.51
Dia. 150 A6 1.04 2.81 2.29
Dia. 200 A9 0.48 1.79 2.63

a 1 1 { YV a L o z 1 @
’iﬂﬂNﬂﬂ’]ﬁ’)LﬂS’]zﬁWU’J’] mu‘saﬂ@ﬁl*’mammmmaawuagﬂummg{waa MDP i

fadunan lay pattern Niiaags 400 waz 550 um zddusanafinnnd’ 1 N ugaald

& { a = @ @ 4 [ v A 1 &
W31 MDP ﬁﬁﬂ’)’mgx‘]UGNWﬂﬂﬁ]:@]ﬂGl“ﬁLLidﬂ@LﬁﬂIﬂLL‘YIG MDP LT?QN’J%%G&J’]WD%@I’]&JVL?J

3

2eH
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2.6 MIFWATEHLAzUTT I UAUAN Mz aUNA PLGA nanoparticles ANNLALRITIIBILRS

coumarin 6

ﬂ’]iﬁi‘lmi’]:ﬁa%ﬂ’m PLGA nanoparticles lagld PLGA (Poly-lactide-co-glycolide) “71'
§asw 50:50 & molecular weight 79 30,000-60,000 §3ta 31zl lfinTa
Ultrasonicator probe @381nafia emulsion-solvent evaporation lagldUSunmuuazgaa11
23 PLGA ﬁlLL@]ﬂ@hGﬁ/u LﬁaﬂqaﬂﬁﬂizﬂaUﬁIL'ﬁﬁquﬁﬂJLﬁ@ﬂ’]iﬂvﬂLﬁUﬁqiﬁaﬂLLﬁ\‘]

coumarin 6 Nt model drug

(A)
0 N,@
CH O 5 H3C/\‘)N 0”0
31, y HsC

sUf1 15 uanslassadnantadivasnaanas PLGA (Poly-lactide-co-glycolide) (A)

waz coumarin 6 (B) filxlunmsdsiaziannia C6-PLGA

2.7 MINAWADIATIZRENT Coumarin 6 @28Lnaia High performance liquid

chromatography (HPLC)

1. NMIMANUNEIa Tl TIATER (Precision) lasgananuidasiunaden
Retention time wasansdanMiUfowudadlilusreiundiameyt (Intra-day precision) uaz
AULANATIVEI Retention time oA o uluudaziun¥iin1331a31294 (Inter-day
precision) laga1u1303LAI12R AN Precision LA % Relative Standard Deviation

A ' { Y o {
(%RSD) FI9NNIIANBIAIANNLNLIATIVDIRITNIATFIN ARNAAIANIN 2
A a 6 . .
- MIAIANMANEIATILBNITILATIEN (Precision)
N3RAR1ININ33 % Coumarin 6 31171 6 41 TuwdazauTugu lasuisri

Wuaan 3 9% 3nBwiand 1wt % Relative standard deviation (%RSD)

- MIWIANTAIINAVBINITAIIVIA (Limit of Detection;LOD) Wazlindna s
n330USanm (Limit of Quantitation; LOQ) Wudfiuaeitlszannwaas
w3esfiouasdinlelunmsia delunsdnmnit lelE35mssuamm LOD uaz
LOQ e¥35vad ICH Harmonised Tripartite Guideline lag

LOD = (3.30)/ S 1)
LoQ = (100)/S 2)
O =f" Standard deviation V84 y-intercept U84 Calibration curve

S = Slope 310 Calibration curve
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@13197 3 LEAIAT Retention time V898138107 Coumarin 6 MiuAnuwudasluluzr99un

@729 (Intra-day precision) a2 LHUARzIWAYINNNTAATIZN (Inter-day precision)

RT
Curmarin6 (ppm) No.

Day 1 Day 2 Day 3
1 6.151 - 6.149

2 6.147 6.214 6.15
3 6.159 6.186 6.152
02 4 6.166 6.174 6.146
5 6.166 6.171 6.139
6 6.177 6.165 6.152
1 6.177 6.167 6.153
2 6.172 6.159 6.157
3 6.173 6.158 6.164
oe 4 6.178 6.158 6.179
5 6.181 6.166 6.184
6 6.183 6.165 6.185
1 6.188 6.175 6.189
2 6.188 6.18 6.195
3 6.191 6.189 6.197
1 4 6.194 6.204 6.186
5 6.195 6.209 6.182

6 6.196 6.216 6.18
1 6.199 6.215 6.186
2 6.198 6.204 6.185
3 6.201 6.204 6.186
? 4 6.197 6.203 6.195
5 6.197 6.209 6.195
6 6.197 6.216 6.199
1 6.197 6.225 6.198
2 6.193 6.222 6.197
4 3 6.201 6.22 6.198
4 6.199 6.217 6.201
5 6.199 6.219 6.197
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6 6.201 6.221 6.193
1 6.201 6.221 6.193
2 6.205 6.217 6.184
3 6.198 6.212 6.189
° 4 6.205 6.209 6.189
5 6.211 6.211 6.196
6 6.208 6.206 6.196
1 6.21 6.214 6.196
2 6.206 6.212 6.193
3 6.209 6.209 6.194
° 4 6.215 6.211 6.194
5 6.217 6.207 6.191
6 6.218 6.2 6.188
1 6.22 6.2 6.193
2 6.219 6.196 6.163
3 6.221 6.195 6.193
10 4 6.227 6.194 6.194
5 6.225 6.195 6.193
6 6.227 6.194 6.177
mean 6.196 6.199 6.183
Intra-day SD 0.019 0.020 0.017
%RSD 0.309 0.321 0.275
mean 6.193
Inter-day SD 0.019
%RSD | 0.302

91NN13111 Method validation I@m?mﬁ:ﬁm’mgﬂﬁad (Accuracy) 89039 (Precision)

Jadnarasnyiiaedt (LOQ) uazliadnavasnisia (LOD) aythduanslaasis
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A131971 4 LLﬁ@GNﬂﬁEﬂNaﬂ’]iﬁ’] Method Validation

Factors Coumarin 6
Accuracy (%Recovery) 98.51 - 102.14
Precision (%RSD) 0.024

LOD (mg/L) 2.30 pg/ml
LOQ (mg/L) 6.97 ug/ml

p.i Y ada 6 c.i a 6 v 1 v
NNaTen 4 el lddnzueifiensimaniniasiiensdmsldadnigndadlas
fit19a11ugndad (Accuracy) aglutag 98.51 - 102.14% Hdranuidesiuuaanainaif
anead (%RSD) dazanmk 0.024% H1TadinaveIn1InTII@ay (Limit of Detection; LOD)
WA 2.30 mg/l kazdainnaluni15iadSunme (Limit of Quantitation; LOQ) §17%A5U
WiNNL 6.97 mg/L

ﬁdﬁfua’m’]iﬂﬁﬁaﬂ%‘f’h na%a High performance liquid chromatography (HPLC)
HPLC (Waters, €26 9 5, Singapore) S99 N U Fluorescence detector (Waters, 2475,
. o a [ . v A A
Singapore) R141309INN1TILATIERANT Coumarin 6 L@NAAINANT N 1 Tagusalslu
a [ 3 ' v A - =) a [
MIIATIEAR ldadnagndad (Accuracy) 1189a39 (Precision) lasiign1izlunisiianzy

81IAIONTIN 5

A19191 5 LRAIITNNIILATIZARIT Coumarin 6 lagle3F HPLC-Fluorescence

Column Ascentis® C18
PUIA 250x4.6 UFALUAT YWIAABNA 5
lulaswas

Mobile phase Water: Methanol (5: 95)

Flow rate (mL/min) 1.0

Temperature (°C) 25

Detector Fluorescence (Ao, =465 nm, A.,=502 nm)

Injection volume (uL) 10

Run time (min) 15

22




[

2. Linearity L8z Range : a‘i'ﬂﬁwm']wmmg’mua:ﬁw%u@moﬁlﬁ’lumﬁmﬁm
RUNIIFUATIVEINTINNINTZINUALAT Correlation coefficient (R?) Aandraysanisrii
a & |a A = a &al a & !
mylenziyUsinm esannidusumsadiamaainazlslunsudswanmsiianziannen
ﬁagaﬁuﬁlﬁmwﬂmaamnwiawﬁ@ Iriduaranuidudwsasansnu g lagsi9naa
% tZ c.i s o 094' v A [ o & o dw d' v A d' v
\uTui g lun13eain s WanasgIuty deslianusunusnuiunlawaue s laan
2 A A ) A A = @ o v =
msawmLﬂsﬁzﬂugﬂLLUULaumio Wanazgunsauandsuwiliuuazdwimnauidn
mwmhﬁumaamﬂﬁashagﬂﬁaaLszu{h lunmsdwaimin  dAvruadl y iuarwunle
WA &IUAY x LDUA1ANNTNTUVIRNTNIN TN laslunmsnasasmnuarduniiag ppm
(@ulududau, mgl nia pg/ml) lasmnuagalusunaduasiadnimas 3 90 wazay
waudunlglunisarnanwaasgiwdeaduanudutunesranuluamssnanaziieszi
lumsiemeiuTunm Coumarin 6 lugnsaragns lavniseSousnsunasgiu 8 anw
DK @9ue 0.2 - 10 ppm WU AT launInasssnIaIgIwaznuRnAn e g

6.1 - 6.2 w1l (U7 12) wazldnamanasguasgun 12

400000+ %
o, 1
5 1
@ 200000+ \
|
|
a
10000CH | |
|
|
a
. \
0o 2b0 4bo 600 sbo 1000 1200 1400

31 16 lasalawnIuvasansnIasg s Coumarin 6

1.20E+11

y = 10,388,792,324.0135x + 48,820,679.1018
R? = 0.9995

1.00E+11 4

8.00E+10

6.00E+10

Peak area

4.00E+10

200E+10

0.00E+00 : : : : :
0 2 10 12

6
Conc. (ppm)
L -
5uf 17 n9 eIz maa9Ia1581A931% Coumarin 6
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PNMIFTHNTNNNUNIAFIU WU R? 289815010331% Coumarin 6 agj’ﬁl 0.995 fiaddl
@hmmﬁuw‘”uﬂ%mﬁuﬁgdmﬂ eruonisanuindofevesnsiiasey
NnMILeTEilazlszLiug ANy UL 8181110 PLGA Afnifiyu coumarin 6 (C6-PLGA)
WU muwmaaagmﬂmaw&o 3 ga7 atfluszduuwnlwanslugg 190-210 wrluwiuas uaz
fanumusalumsnnifiufa 119 70-80% laugas FP3 A nuTutuses PLGA 1N
ﬁquum‘bmﬂmmmﬁmﬁu coumaring léwnn A 82.67% 1aiititadsa7n PLGA ‘ﬁlfugﬂ
Lﬂuagmﬂuﬂufumming@éﬁ'umiﬁaaLLad coumaring launndwiilafieuriy FP1 uas
FP2 (WEAINALANT9T 4) FemTitaTesdilsunmansiiasuasldinefia High performance
liquid chromatography (HPLC) Lﬁamﬂ%mmmaa coumarin6

(% I3

A13191 6 nan T sziiug AN Az IaIaYRANA PLGA INNLAL coumarin 6 (C6-PLGA)

Formula code FP1 FP2 FP3
PLGA (%wt) 1.0 25 5.0
Particle size (nm) 191.40 203.63 203.07
Zeta potential (mV) 8.12 6.27 5.21
PDI 0.23 0.29 0.08
Encapsulation efficiency (%) 76.39 74.39 82.67

NNNNIFNNTINNNTAZIH WUIIAT R® 2898130193374 Coumarin 6 aejfi 0.995 Dadind

[

' o o a o A A ' 4 a
mmmauwuﬂmmuﬁgamﬂ FIUIUANDIANNINL TN AVAINITILATER

40
OAPFP1 OAPFP2 © APFP3

[#3]
th

(o] [FS]
N o
—O— HIHH
HEH—O—

% Cumulative Release
oS
O~
O~

—
=]

wn

0 20 40 60 80 100 120
Time (Hr)

suf 18 Uszidinnisdanlassa1sd1an (coumarin 6) 31nan1@ PLGA
nanoparticle
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WANANNUUNTILATIEHUS I V89 coumaring ﬁgﬂﬁmﬁﬂu PLGA i lenns
ﬁus]“uwams‘n@aaaﬁﬁﬂﬂ?mm:ﬁﬁwm%‘aa CLSM (Confocal laser scanning
microscope) Lﬁia@msﬁaaLLawaaagl,mﬂLLa:mﬂ%u’lmmmLmeaa IMNNTIAITIEA
WU ANULTULEIVDS coumarin 6 1N WANUSHN M09 PLGA Aillunnsdainsnzyt
aRNINVDY FP1, FP2 L.as FP3 ﬁﬂ'ﬂ&JL“ff&ILLﬂGﬁ 303.28, 330.74 ez 1225.35 mfi (mean

fluorescence intensity) ANEAL

sUf 19 uaAIAINEINTITALRNIILTDILEIVDI C6-PLGA Tign 3619 9289 FP1, FP2

waz FP3 A281A3a9 CLSM (Confocal laser scanning microscope)

2.8 msﬁﬂmmsmﬁau C6-PLGA-CP-Rhd Uil MDP LLﬂZﬂ’N&IEﬂNﬂiﬂiuﬂﬂi‘ﬂtfﬂﬂhu

\iaLiialavIuas MDP- lasltnaas confocal laser scanning microscopy (CLSM)

C6-PLGA-CP-Rhd coated MDP
miﬂsmﬁumﬂumm‘miumsmﬁawaamql,mﬂ C6-PLGA-CP-Rhd Uitk MDP I(ﬂil

AATZRINNNTTLI0ILRIVY Fluorescence dye ﬁﬁ'mﬁuluakmm PLGA (Coumarin-6:

Green color) Lz Carbopol (Rhodamin-6: Red color)
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Interspace 100: Height 200

Bright field Coumarin-6 Rhodamin-6 Fluorescence merge
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Interspace 100: Height 400

Bright field Coumarin-6 Rhodamin-6 Fluorescence merge
Diameter g
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]
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Interspace 100: Height 550

Bright field Coumarin-6 Rhodamin-6 Fluorescence merge

-

gﬂ f1 20 Fluorescence microscope images of C6-loaded PLGA-CP MPD arrays. To
capture coumarin-6and rhodamine image, a red color filter and a green emission
filter. Integrated fluorescence intensity for green fluorescence of coumarin-6 in

PLGA matrix, red fluorescence of rhodamine-labeled carbopol aqueous shell.
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confocal laser scanning microscopy

mmmmsnmaaéﬁashﬂumﬁmhmf‘taLf‘ia%ﬁam&gﬂﬁ’]mmaamﬁaﬂsuﬁuqmawﬁ’a
Tumsfunnm asanaumsdasaasldiasvasiairmagouidarinnsnanuasumiiaiie
WINY I@]mlumsmaauL’%'mmmﬂms@”@Lﬁalﬁ'a%ﬁfmgﬁmm@ N9 2 LIWELNAT 817 2
LTUALNAT ﬁ’m’ﬁa”’mLLNuLﬁaLﬁa%ﬁhw@T’ssjmmza’mWamWWU”WLWa? WL 7.4 NOWTLU
lﬁLLﬁaﬁmmmwﬁmg wasa N urwiieLf aeana98 U RLHRElad oy
67 ﬂ@”’;aﬂﬂaw@aauﬁﬁwmiﬁawﬁﬁaﬂﬁﬂ”amﬁ@gm%uﬁ (coumarin-6) &1 uasdiTen
@ slf:mﬁfﬂlumsﬂ@ﬁwhﬁulunﬂéf'sasm wasnundarudsudwnzandaalad
(Coverslip) AaRNANANEIANNENNITO AN ITNENIULAZNNTH R FAN VI BENINAFDL
uuusimftmﬁa%ﬁfmyl @Twﬂﬁadﬁ;aﬂﬁﬂﬁl,l,umaui‘mmaamﬁ@ﬁlﬁamaﬂumsmmu
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Condition #a3neldnaas confocal laser scanning microscopy (Olympus FY10i,
Center Valley, PA, USA) lagasaaaundsassaluit
a. MasuE8UaINaad : 10X Laz 60X
b. lwuansane : Z stack ({dwnssnamwidutug awanunwuad
& A
WhaLea)
T .
C. 53&]85:%’3’1&%%1,%8Lﬂaluﬂﬁiﬂﬁﬂ :5 vl&lIﬂﬁL@J@]i

d. AMULTULEIVDIR fluorescent NT ﬁlzé’aaLﬂﬁﬁuluﬂnﬂﬂwﬁﬁﬂﬂﬁﬁ’wsl
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Eﬂ‘ﬁ 21 Confocal images of Z-stacks of the full thickness porcine skin treated with

C6-PLGA coated MDP. Bar scales represent 0-100 ym at interval time interaction.

A19197 7 ANURINNID ISR uTB keI a NIz A NaFa U@ g

A0gINAFaL AT M IR uTwitania (lulaswas)

0 W 10w | 30w | 60w | 24 Tl
weinsbale lauTasRa lannau iy 0 230 230 280 330
Inalednuadandandadidsn
2 =
dBQanTu 6
agl,mﬂmiuwaﬁl,l,aﬂaﬂvlﬂa 0 40 50 60 240

Iﬂﬁmmsﬁﬂﬁﬁauﬁﬂﬁﬁmﬁ’mg
1134 6 (C6-loaded PLGA)
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NNMIU s AwN1ITUHUAIR VB MDP 711 C6-PLGA LaRaunAad patch 818190
~< 1 v A % o AR J A [ o o <& a a
FurwtAIns e luszauNanTuauszazIanN patch FUARAUTWUBIAIRGS lag
Fanaannnaiiasuaswgeaisadud 284813 coumarin Anniivatluaynia PLGA (C6-
PLGA) 13221781 10 W17 9zdin3i3auada g NIl nIUTuaann uaziilana
{ a ] qq// 1 ,&’ o ot

J282IATN 20, 40 WaT 60 W YT TL30ILRINTUNIBRINITHA SN NI BAIUF1AL
(uaadlugin 18)

Eﬂ‘ﬁ 22 Confocal images of Z-stacks of the full thickness porcine skin treated with

C6-PLGA coated MDP which compare between at interval time interaction.
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(1) HAHNIZITINRLEWBHAITWNIIIBINT The International Polymer
Conference of Thailand : PCT-6, June 30 - July 1, 2016, Pathumwan Princess

Hotel, Bangkok, Thailand

Investigation of key parameters to fabricate biodegradable polvmeric for
micro-delivered patch

Kunat Suktham', Jakrapong Supadech’, Ampom Poyar?, Nattika Saengkrt!, Annop Elumchun', Jakarwan
Yostawonkul', Uracha Ruktanonchai', Satit Puttipipatkhachorn®, and Suvimol Surassmo!”

"Mational Nanotechnology Center, Mational Science and Technology Development A gentey, Pathumtani 12120
*Thai Microelectronics Center, Mational Electronics and Computer Technology Center, Chachoengzac, Thailand 24000
*Department of Manufacturing Pharmacy, Faculty of Pharmacy, Mahidol Unmversity, Bangkok, Thailand 10400
Phone +66 25647100, Fax +66 5646081, "E-Mail: suvimol@nanotec or_th

Ahstract

Microneedle technology 15 one of devices for improve potenfial of transdermal delivery system. In this work, the
key parameters effect of micropeedle fabrication was successfully inwvestigated and characterized to improve
microneedle patch for transdermal delivery support. This research has inihiated 2 gentle fabnication method consisting of
solution-casting process for prepanng micro-delivered pateh (MDF) with model hydrophilic compounds of coumarm-6
loaded PLGA and rhodamine &§G-labeled carbopol coated on the micro-delivered tips. Micro-delivered patch patterns
were fabnicated with single-crystal silicon wafer as starfing material and using a series of photolithography, thin-film
deposition and reactive ion etching techniques and achieve silicon wafer pattern as mater mold. The parameters of MDP
pattern focused on the beaght (200-350 pm), diameter (100-200 pm) and inter space between tip (100-500 pm}). Poly (3-
bhydroxybutyrate-co-3-bydroxyvalerate) (FHBEV), 15 a polvhydroxvalkanoate-tvpe and gaining inferest natural polymer
from bacteria, used as polymer to fabricate micro-delivered patch which showed the biodegradable, biocompatible
properties and low toxierty. MDP patterns were investigate polymer concentration from 5-20% (wt) and characterized
film structure such as beight reduction, tip density of M. Furthermore, coumarin-6-loaded PLGA nanoparticle (C6-
PLGA NF) was represented as a model dmg C6-FLGA NP was prepared by emulsion-solvent evaporation techmque
using carbopol as binding agent between C6-FLGA NP and patch which exhibited particle size of particle about 190-
210 nm and 80% encapsulation effictency. In this process, the formulation and characterization of an integrated MDP
consisted of CP coated commanon-§-loading PLGA were evaluated. The binding efficiency of CP coated C6-PLGA
locahzed on the swface of muero-delivered amay was performed using the fluorescence microscope. These results
suggested the adhesrve property of CP performed on the surface C6-PLGA NP and induced C6-PLGA coated on tip
assay. The designed MDP has capacity for improved drug loading with the swface of tip and may serve as a useful
device for transdermal delivery system.

Kevywords: Biodegradable polymer, sihcon wafer, microneedles, carbopol, PLGA nanoparticles.

Fig.]l Assembled Micro-delivered patch (A) from 51 wafer patterning with insert SEM photograph (B) of FHEV tips
array (400 pm beight, diameter of 50 pum)
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Investigation of Key Parameters to Fabricated Biodegradable
Polymeric for Micro-Delivered Patch
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Results and Discussion
Imaging of fabricated PHBV-MDP
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PHBY micromeedie [MN) arrays

Characterizations

The micro-gelivered paich was characterized for their physical morphology using opscal and
scanning electron microscope. All MDP pattam wers showed In conical shape, wih 3 base
diamester of 100,150 and 200 pm, length of 200, 400 and 550 um and amanged at an Inter-
needie spacing of 100 pm.

3&3:! of Sfferent
amays fatricated Lsing
¥erent NN moids. A) Side
view of MOP-1, B) Side view
of MDP2, C) Side view of
MDP-3 and D) SEM images
of MDP-1 amays showing 1op
and side views at dflerent
height ot & constant Dase
Gameter

Coating-solution reservoir

The coating-solution reservolr was d2signed to resirict access of the coating lquid only to
the micro-gelvered
consisted of CE6-0aded PLGA and C5-loaded PLGA-Rhd-CP nanoparticie.

Table 1: Physicochemical propertes of CE-PLOA nanopanicle

o prevent contamination of the base. The coating-soiution reservoir

Formula code

The fadrication of Ce-loaded PLGA

mmm|m|ns|m

having the nano-size wa low PDI.
Encapsulation of coumarn-5 loaded
PLGA was higher fan 70% and the %EE was

gependng on  Me increasing  PLGA
concentration.

Meight 550
Height 40
Haighe 29

= o
Chamuter of NN armays (um)

“Hegh! 250« Felght 200 Meight 450

Fig. 4. % reducton of MDP-1 amays at dif¥erent
lerspace (100, 300 and 500 pm)
The effect of MDP faciors Inter- ang

-5pace
diameter) on the mechankal strength of MDP
arays Was 35588520 USING evacuation techniqus
and parcant reduction In MO haight 35 parameter.

e Tne amay of 200 pm height MDP showed the
[ lowest of neight reducton 12es than 40% upon tha

100

1= "
Dhareatnr of VN arrays jum)|

“HeMgT 210 < Hagvl 466 - Meight 550

Inter-space of pattam. Accordingly, 200 pm heignt
of MODP were Included for further experiments as
t was that their lower mechanical
sirangth would result In pastem fabrication.

Fig. 6: Fluorescent intenslly of coumarin-8 (fucrescent
dye) kaded I warious cocentrtion of PLGA

PLOA-CP MPD amays wih

images of CS-loated
weonmo!wun Base dlameter 100 um and height 200 um

Images of CE-0aded PLGA-CP MOP amays using TUOTEscance MIToscops .
capiure coUmann-6 and rhodamine Image, a red color finer %or exciiation at 458

To

nM and a3 green emission fiter at 460 Nm were usad. Imegrated fluorescence
ntenslity fof graen MUOFESCENCE Of COUMANN-5 In PLGA matrx, r2d fluorescence
of rhogamine-abeled carbopol agueous shell. It showed successtully coated of
C5-0aded PLGA-CP Into the susface of MN armays.

Conclusion

Microneedie patch delivered was prepared and fadricated by varying the
Influenced factors such as height and dlameter of pattern Incluging inter-
space between neadie. Significantly, the height and interspace of needie
pattemn have potential 1o Nfuence the pattem of PHEV amays. PLGA-CP
microneedie patch delivered (MDP), this approach can be enabling dirsct
transcutaneous delivery of broad range of drug Into skin parmeation.
This provide signficant information that wil support In the study of
transdermal dellvery using needle-free and drug-0ading nanoparticles.
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Fabrication and development of C6-loaded PLGA micro-delivered patch with

controlled microstructure for transdermal delivery

Surassmo, S.", Supadech, J.%, Suktham, K.', Saengkrit, N.", Klumchun, A.”,

Yostawonkul, J., Puttipipatkhachorn, S’

"National Nanotechnology Center, National Science and Technology Development Agentcy, Pathumtani
*Thai Microelectronics Center, National Electronics and Computer Technology Center, Chachoengsao, Thailand

3Deparz‘mem‘ of Manufacturing Pharmacy, Faculty of Pharmacy, Mahidol University, Bangkok, Thailand

Abstract

The key parameters effect of microneedle fabrication was successfully investigated
and characterized to improve microneedle patch for transdermal delivery support.
Micro-delivered patch (MDP) were fabricated with single-crystal silicon wafer as
starting material and using photolithography and achieve silicon wafer pattern as
mater mold. The parameters of MDP pattern focused on height, diameter and inter
space between tip. Poly (3-hydroxybutyrate-co-3-hydroxyvalerate) (PHBV) used to
fabricate micro-delivered patch. The development MDP were strength enough to inset
into porcine skin within 60 min after administration in vitro. Coumarin-6-loaded
PLGA nanoparticle (C6-PLGA) was represented as model drug. The binding
efficiency of CP coated C6-PLGA localized on surface of array was performed using
fluorescence microscope. These results suggested adhesive property of CP performed
on surface C6-PLGA NP and induced C6-PLGA coated on tip assay. Confocal images
of Z-stacks of the full thickness porcine skin treated with C6-PLGA coated MDP.
Significantly, height and interspace of needle pattern have potential to influence the
pattern of PHBV arrays. PLGA-CP microneedle patch delivered (MPD), this
approach can be enabling direct transcutaneous delivery of broad range of drug into
skin permeation. This provide significant information that will support in the study of
transdermal delivery using needle-free and drug-loading nanoparticles.

Keywords: Transdermal delivery, photolithography, microneedles, skin permeation, PLGA

nanoparticles
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Fabrication and development of Cé-loaded PLGA micro-delivered patch V.
with controlled microstructure for transdermal delivery 2 n o

Surassmo, 5.1, Supadech, J.2, Suktham, K.', Klumchun, A", Saengkrit, N.1, Yostawonkul, J., Puttipipatkhachomn, §.%
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Introduction

Micrm-delivared patehes (MOP) Is one of transdemmal delwary system (TDO) which composed of soluble masromolecule polymer have galned
Improved atizntion. Usualy, 3 major Imkation of pure Inorganie (metal of silcon) mironeemies are Me Ask assoclabad with braakage [1). In agdition,
most of thess polymark: micronesdies have challanges In terms of mechanieal strength and stablitty. Poly|3-hydrogybutyrate-co-3-hydnogyvalerate)
[PHBV) Is 3 copalymer of polyhydrybutyrabs (PHE] and polyhydroxyvalerate [PHV), and has bean used for preparing micro-delivared patch for dnug
release purposes due io Its good bincompatinility and tallorasle degradabliity [2). Micro-dellverad patch was prepared and fabricated by varying the
influenced factors such as hedght and diamater of patiern ncuding Interspace betwean nesdie. Significantly, the helght and Intarspace of nesdie
pattem have potential to Influencs the patism of PHEV amays. C5-PLEA micro-delivared patch, this approach can be enabing drect ranscutanaous
gellvery of broad range of drug Into skin permeation. This provige slgnifleant Information that will suppost In the study of fansgemmal dellvery Esing

needie-free and drug-oading nanoparticles.

Materials and methods I. Kay paramater of fabrication [ = =] == |
Mico-deivered paich (MDP] wers fSabricaied =
with singie-cry=tsl siicon wafer as statting mm s - | v | - sm %
* materal and umng pRGASETOgRCCy  and R

achieve SiCon Wa'sr pati=m as miater moid. e S
The pammeters of MOP patiem fcuzed on TP VR =
heighil, dameisr and inberspace betwesn Ho. Ll &

-

. i m o : T’h : ﬁ

FE ] =

II. Bindegradabla polymar

i — = — L
1 S |

Micro-delivered . a

pamh

¥ Pody | 3-hydroxybutyrate-oo-3-hydroxyvalerabe) (PHEW) wsed fo fabricate micro-dellvered
1= paich

* CoumarnrS-oedsd FLGA nanopariick (CE-FLGA) was fabricaisd by emuiskon-sobvent
evaporadon method which represenbed as mode! drug. The binding efficlency of carbopaol

ICP) coxted CEPLGA localbed on suface of amay was peforred using flecrssoence

7
W W@

Results and discussion

|. Mechanical properties and key parameters of PHEV patiern

Il Padia'o 11000 i

The efect of MOF fachors (height,
Inter-zpace and dizmeter] on e
mechanical  strength of  WMDP
amays was  assessed  using
evacuabion bechnique and pement
reduction In MIDF  height as
parzmeter. in the falune srsng
test, pressing B miconesdi
amay against an alumiram Diock
at the speasd of 0L1 mimi's ks siowam
In Fig. 1 The amay of 200 pm
hight MDFP showed the lowest of
height recuction less an 0%
upon e Inter-space of patem
Arcomdingly, 200 pm Reight of
HMOF were induded for further
eyperiments a5 t was predcied
that ther lower mechanical
strengith would mesul = patem
fabrication.

Inlers pace SO0 |.m

.-u--

Fig. 1:
Ty al

Conclusions

% Height rafictisn of WOF
Ty

L o et ]

A v

This shify demonstraied that the use of PHEW micro-delversd paich o achieve eSicient delvery inio skin. Confocal images of Z-stacks of
thee %l thickmess pordne skin reated Wit C5-PLEA coated MDF. SignHficanty, height and Inberspace of nesdie pafermn have poterdal o
Imuenos fe pafem of FHEY amays. PLGA-CP micronesdis paich delvensd (MFD), this approach can be enabing direct ranscutansoas
delvery of broad range of drug iReo skn permeation. This provide Sgniicant Infarmabion St will support I e shudy of ransderasl

delvery using resdle-fres and dregHoading ranoparices.
SN0 el TS
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microscope.

. Characterization of CE-PLGA and i wiro skin penstration

e

CLEM af

Insert imio porcine skin within S0 min Chseres under
0,90, 20, 40 and 60 min

after administration i wio.

Il. Characterization of C6-PLGA nanoparticles

Tre fabricafion of Co-omdssd PLGA having e nanosize with kow PDL
Encapsulaton =ficiency of ooumann-S oaded FLGA was Righer fan 7T0% and e
SEE was depending on the Increasing FLGA concentration,

Tabds 1: Fiysioochemical properiies of CE-PLGA nanoparide

Fomuls code e =] =]
PLOA %) [T FI] =0
I'urts e w2 e 140 dTEn o7
Cata poisnisl (el | B2 | [+ | in

PO o (=t om
Nem= fucresosm! nsnety Imae Iar 1msrt s

. Characterization of C6-PLGA and in vitro skin penetration

These resulls sopgesied adheshe poperty of COF performed on surface CE-PLGA NF and
Induced CEFLGEA coated on masmassmnuh-u 1

10 Fiv

K min

Owrwier 1008M  Carneder 150 pm Cliarmedsr 200 pn

Fig- 2 Fherescent images of Co-loaded FLOACP
WP amays wih inberspacs 100 (i, b diarmster
00 i and hekghd 200 pm

]
L =
E

wildn camgane bebween at inberdl Hme | ri:trlc
.
F
K ,

Contocal Images of Zstacks of the tull thick
pomine gdn treated wih CA-PLGA
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