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FEIRIFIZ, A R Okt do 2 WA ZRERR RITER T 5720, 2t S bAZ0D
RERBDIRIRIEITA VAV FRETH D, T, MEEOE=2 1 v 7oA DOATERIESEIC LI T,
BIZhME D BIBMED A AV VRFIZ A DOECRYE L, MEEZ CEX2MY EFEkicay ha—1d
L2bDThHD, —hH. A VAV RIETBEOEROEZE LIRS 5 2. ElFEEEOEERIENRIC
B L IRMEOERIEDN S 5, OIHESEOLNERIEEZ TT 572, JVBEERLfE=a M e
—ANEHTHL0, HEEOKRMEERIZTE LA TR EB(SE L AREbIEH I TN D, 2o,
DEERY A7 (RMAERIE) 2l HER, EEIK L, +okmfiay hr—AB3Goh T, il
TIE, ~f7vrarba—F—HEcL28EEROA LAY R THRRICKZ RITE R Lo2H 5 53,
HOEMUDBEEINTZTNAY XIS TA LAY U EEGET LS WHEL 2T 2I2HE Y,
F—H— A FERLIFIIEENLDOTH D, #oT, X0 IEMIDEEAICA A D A A 6
IR EM AR EFE SN TV D, Fix ik, fELofaRETMbNL AR UV BEF—a R e L,
INEENUIKE.RT 7 VLT I ROVESE Rt T2 2 & T, AR L7 hn=s 2%
—GIHWARW EFREBOA R U MR A AL T& 2, AT n Y= s TR, SEmE R A
B LlevA 7 a=—RLVEaR (TR 7200 N THE) 7351 ADBRFREED T\ 5, ATEEEF 2
O &9 5 IR (non-communicable disease: NCD) 1R D EEE D 43%% 56, 2020 F121E 60%
W % & & bic, BFETED TBRICAEGT 5 LTSN T D, HFRICEAE RV iEE Calnb 23T
T AR TIL, BRSSO AR BER A E RERE O 15%, FBEEEESTIIN 30% %2 505, TA5577
AT O, FERBIREIZBT DT v Ay AT  )v=—X (R mEEE, K ko
Bk, BEAHEOBRE) MR L, MEfEHEm) & EYEm) OF “Ba” OFEERE XD FH0 7R B

fire LCTHIfF SN D,

1. 2021 FEOHEEEN
(1) BMES o 2ROE#ELE 7 ¥ A4 OB
SRS L WD b ~ A 7 u=— R ORLES
HEE LTI, BERICER-EEAFRIC T+ —P AL T
WD, HUDAIZRRRREIR, THRIAME), THcHERE ). THLE)
| ORTEERICHZET2HET 2 XD TH 5,
ZORNDTD FIVEAREO KRG & it 35 & &
HIT, THETITHIZE LT E st & 2 FH L
THYMIrZ &L LT,

(2) KRB~ 7 v =— FAEhE X OBl
Takv X0
TNAANEDA A U EREE R R bT 52 &
W, T A AONEYE & R EDIER D23 D, T~
A 7 v =— RV TIE— RIS RS LT 513 ER g ik
HEDM L3223, NERIFFEOMERFIIIA R & 70D, 20
LR ROMEERET L —2DT7T T —F &L
T, A~— MVNELAE MNs 2 LTz, BARIIC
X, ~A 78 =— RV A A Y Bl 2 5
TIVEGY & J1FRITREE A IR D Sy & OFR S BN IE &
FERICHET 25 2 L TRMOMELE L, Z0RE T+ R
il Uiz, J1F0IZIRE DDA VA Y o OJEENE % 1
FrendbidigigiEo~ MY v 7 2GR L, $REEAL (&
N=—FN) LDfEHEELTHZ LT, =— RL—KHENL
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TH— D143 IR MED A7 & 35, ARFHT, A
VAV UT N L EELT, T FUEMOIER D
BEAT U AR =BT BT v Ay b =— Rk % LIE
ZTHDTH B,

B) Ao BIZX B T VERBLZRE L= At
MBAE R L D 72D D4 FEHF OB St

ST VEE (NeuSAc) (%, MIBHESS H I f & AL DD bl
PURMHCE S AFE L, TO@BRIX, %4, b, FHED
FIEEG B L T D, RIS, DSAMIE, s Eon
AN, DS AR (Cancer Stem Cells: CSCs) FRHIIZ B
T, FFBENICERIRBET 2 2 enmbind, 7L
BRI IEFMRRIC O FET DI YT NBE —FT 4 7
ZRIT 720103, BEANTREMICEE LI ND L)
TRER KRR B S LB TH D, A a B, Jra— R 2R
DT EERIRERS T EHHEAEH L, Z OIREE & IR A
FALFHNC W E T %, ST ARBICKTHAANLY Ho K&
LTHWSZ b TED, Bxld, Y VNLRAT oS
AR v U EEFHERD—FE (5-boronopicolinic acid (5-BPA))
M, PERIN 5D KU & L TE A5 10> D3RI v
TABEERES L, E6IT, - O IEENIKEE R ERETIC
R 7R B A ME S RIS BT DB BATEAL L, AR BRI S
T (pH7.4) TIEFERIZEKITLHZ L E2FEL Tz 12,
Z 2T RS AR e AR R 5k 2 W BB AL A

KISTEC 2022



T 53 F BT~ DB 2 A PE SV TGS L7z,

2. 2021 FEEOHRRE
(1) VT NAEA LHSEEFHAN & 2RI REAM tE DR

2021 FEEFETIZ, T VA MY =V AT AEHEAL, T
b OMBEEZ A VAT Y —IZ 24 Y TV X A NTE
=RV T TEDLVAT AEMESL LT e, SFEEX, M
BB NEB ORI Z . A HZHFC—IciThitTn
BA A CRIRESIC L DHRFIRREFRL, T LA
bY =T RAT ML BT D FHE A ML Lz,

KT INA AR5 TN R T DI, RNV T %
o THEIND~A 7 u=— RKVOERHEBN 552 H
WENDILEND Y, FHRPEOR ENEEARRETH D,
T T AR O~A 7 a=— KL E FWTREEOZER
PERCHIRM R L& ilkigFt L7z (K1), SD 7 v hDfk
FEZT A ZAEQEAT L, 3 IZRIA LT 1 IRpR#E & T8lse
Lz, ZOREE. WFNOT S0 24 BflE 72 iR 2381 22
S, 1 BEZICIIQE R T 2 Z MR S L, AR
BT RACIN 2 T R0 L /8 U THERE & FO3 5 7Kk 4y
7K TEWL (transepidermal water loss) Z&HHIT 25 Z &
T, v 7 a=— NVERIE B 1E) Oz i
72 3, = U AR LTT N RERMT L, ZORHi% T
TEWL I L7z, EOREFR., ZFRIOBRE - FS) ik
CCINAHFHMERLS EF L7ZZ £2v5, TEWL #HEIRIC
ko, BEWEE TH) & U CHEEERT 5 2 & O Y PER
RENT,

1mm E—J/LF

2 mmE—/ILF
E &Y

X 1: $EiC X 3 BREDE.

(2) KIRERHME~ A 7 0 =— FEhRE L O
EoERDOBERET A R

Ferx DR LIz~ 7 a=—F/L (MN) Tl, L
NTOREERL IO 2 U U HEEE 2R L T
DM, TN A 7 a=— FL—RIZBW T, IR &
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- WY —REE R AIEY . 3 o}

15523 :Poly(ether sulfone) (PES) "V AILIUIIE JURISHFAZRIE
TA470=_—F A&t - -

y HEE2021-144286

sk BL ROVBFA
. AR ROEL TS
(RRTFY T E3E0

X 2:PES A7 U v FE MN.

HENGHBEDO WL CTH D, EHUE, A A T
UNY —ZBb b3 S TR O 43 B CRRIER MN (2%t
L=—AP@EE->TWND, Fxld, ZThbOMEIC L,
W oD TFa—F (RFLAT v 7T kOR by 7 X7 U
) 1280 2 MN REHAR OBRRICE Y A TV
5o ZICIE, 2021 FFHEICHRFHBEE R LR AT
THURANE D —FIZ DN TR 5, BRI TRy EEE
ML CEHAEHEEZTERT DR Y =—F L2k (PES)
ZHAWTHZRNREOENR - £ 8 MN (PES MNs) % {E
L, R BED B WMEBEE AR 2 ViR /L% PES MNs
WCHIN L BERIABIZA v AU VT E RN T Y
R MNs (Hybrid MNs) Z 5 L7z (X1 2), % L7z PES
MNs OXFiHES SEMBIZE L2 & 25 L DZER Dk
BEN, RUBUPTO PES OAHSSBEIZEE 5 S FLE RS
DIERIHERR S iz, £7-. PES OFRSY Bt FE D HIENIZ 1]
(7T PES IREEE N B URE 4RI 5 Z & T, PES
MNs @ =— NS OEFEHENEE >7=, D%, PES
MNs REDOHKLBLOR e VBT /) ~—GH 7Y 7
W OWIC & Y Hybrid MNs 2B L, RS2 R
RTFAF—IZLVF LIz 2 A, Ru VBTV ESZHE
PES DA 7Y » NEIZ X 0 a0 Kig i B L
77 T ZC. HLERRAT# D Hybrid MNs (2B L TRRISES128
B Lol 2 e b WA L2 Vv OKFIRICERFT
B LR NFENBREPHERF SND Z L B HER L2, T D
FER v U AR EICR L CTEN R A EZ R L, S BIT,
Bie 2 7 v a— APRFEIZEBIT 5 Hybrid MNs 2> 5 OHOGE
WA AV ORI A I E R L VEMI Lz e 2
A, Ta—2RFN A A Y Ui bR S Tz, B
&0 J)FRIREE & FEAISHRE A WINL L 72 Hybrid MNs
DOFLEER LT,

3) BEOT VIS ABMBROZENLIZHIT =R e
VBV v RITk D pH KFFRIRBES R 7 VER
EE AR Y

A @Y T ROBEBERFEDO—2IZ, 7 U ki
WIFT HEEE A 7D b —7 (CSC DHLEM]) %4
IR ATREZR 2 L3R IF D, KB, o0 X 5 728K
DY N —TPHRBT HEGL, B CSCIZBWTHS
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PBA-rhodamine weak  Sialicacid No multiple
9 binding  pinding targeting

[Tlﬁ\”\/\f\n'ltla.ow at pH 7.4; 1 Efantibodies
IR sacot h (%N

vs
5-BPA-rhodamine

SN PN v g
] I, ) Bl ,EJLB,OH strong binding -5 cpag-
K > . Multiple
e e Blood Cancer stem cells
Boronic acid derivatives vessel Targeting

K3Rxn BIZLD CSCE—FT 407,

NTW5, 28, JuUKY T RTINS Z M2+
DMERD D, AR TIE, £T 70— A A MU —|Z
XV, TWENA CSCs DA F~—FH—Th s CDI4 R
CDI133 & | BESRMG & 7 Ve & DR ZEM Z MR Lz, DV
T, 5-BPA LHIWED Vo — FaE L, TWIE
DS ARBRAFR T > T VR ORERIRESS K TN CD44 Bt AT 3
LY CDI133 M RE~DI Y AL B EFHE L=, Z D
FEEL, BPA 22V = 7 — NS UOEDS AR~ pH K17
WD AEN, S BT, HEOT WK A CSCs % [FIFFIC
EEUETE D ZERHELNIR o2, EHICZ DML,
FBELEF T CEIVEE Lo 9, ZThbDRERIT,
R d6 K O D IR U N BRI AFTE T 248D CSCs
OERLIZBIT DR a vk Y F v FobEEEHE o =
TP 50T L, BHEYET WDIEA A DB L BIE LTI-A
NIRRT VT AT E—=TFT 4 T AT LD E X BIT
RETHHEDOTH D,

(2% 3R]

1. Alexander H, Brown S, Danby S, Flohr C. Research
techniques made simple: transepidermal water loss
measurement as a research tool. J Invest Dermatol 138: 2295-
2300, 2018.

20 KA. B N 7 BaeaE Al o BLAR & & o
TewameterTMHex. COSMETIC STAGE vol. 12, 2020.

3. Matsumoto, A.; Stephenson-Brown, A. J.; Khan, T,;
Miyazawa, T.; Cabral, H.; Kataoka, K.; Miyahara, Y.,
Heterocyclic boronic acids display sialic acid selective
binding in a hypoxic tumor relevant acidic environment.
Chemical Science 2017, 8 (9), 6165-6170.

4. Khan, T.; Igarashi, K.; Tanabe, A.; Miyazawa, T,
Fukushima, S.; Miura, Y.; Matsumoto, Y.; Yamasoba,
T.; Matsumoto, A.; Cabral, H.; Kataoka, K., Structural
Control of Boronic Acid Ligands Enhances Intratumoral
Targeting of Sialic Acid To Eradicate Cancer Stem-like Cells.
ACS Applied Bio Materials 2020, 3 (8), 5030-5039.

5. Miyazaki, T.; Khan, T.;  Tachihara, Y.; Itoh, M
Miyazawa, T.; Suganami, T.; Miyahara, Y.; Cabral, H.;
Matsumoto, A., Boronic Acid Ligands Can Target Multiple
Subpopulations of Pancreatic Cancer Stem Cells via pH-
Dependent Glycan-Terminal Sialic Acid Recognition. ACS
Applied Bio Materials 2021, 4 (9), 6647-6651.
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FEEFEBRDORTr—NT v 7L ZEMEN I3 7 F
T — X OBAFHZEY AT,

2. EBRRLMER
W) TVABN)—VRATAEFRWELEE=F#)
7

WEAEEETF L XA MY — Y ZFA%EAL, 5 v b
EEARNLVATZ U —DIRIET 24K U T X A AIZE=
AV T TEDLVAT AR LTz, b A NEB DT
BIZAATHD Z EIFBEICHR TE TV DD, SFEE
IXF A 2 OMRERHMIICSESL D, B # 2R T —RIICAT
PITWDHA A Y RIREEEZ & 2 PR IF IR & 8
L. VA M) =V AT M X DBEEITo T2, BIRH
WZiZ, ARV RY hyv (STZ) & W T AR E
TNEERL, TV A M) —%3E5F0 L gt b A
VA ) v HIF] Humulin R % B RAGIZE T#E5 Lz,

STZ # 512 k> TF v b O MEHEIL 400 >S5 600 mg/dl
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WEPRNWZ EEZEKLT, ITmmEDE—/VRE/HFHL
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Gyhodz (K3), JRHEEMEBEZEBIETS L. ITmmE—
VKRB AT TREEORMIEHE b0, BT LLEREK
EHEMELTORWESNREL, 2mmE—/V ¥ A T DK
NENE CTHEFEICER SN TWNWD ZERHLMNI -
(K 3), HENEL 22 Z & THENRR+5IC7 5720
RIEIZEEIZH S D IZ< <D E Vo -MERSH L . #

ML HRERD ST > A MECRAT 2 LER D 5.

1mm &—JLF 2 mmE—ILK
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FHZIER 3 23035 & o AR D D, €2 T AE
RO T HEREZ KT D K4 A B E TEWL
(transepidermal water loss) ZFHHIT2 2L T, w471
=— FAGRIME - 8] S) ok a2 19, v
WXL TT A AZBET L. 2 ORi: T TEWL & HIE
U7z, IEF 72 B2 T 10-20 g/m%/h BB DS FEREE & 72 5 78
~A 7 u=—RLVOBEINZ L > TEOHEN LEH L, =

&t RABER AL

TEWL +38.09

TEWL +14.53
(Bi1:g/m?/h)
H4. RA4o0=—FLRI AT EEREKS %
#E (TEWL) DZE1L

TAH0=—FIJLRE{TRI#% T

72

— RAKBED = DICHERPE D 72 WIEA I IT EF TR E
W EE-oTE (K 4), £, ~f 7 u=— KL%k
£ LT 1 FMBICITRREDON R & & HI2 TEWL HOK
TR LN (K 5), TEWL 2 HW5 2 & T,
A e LCRHMIiT 2 Z ENHRRIZRD LB B
77 —H T, SUATEHBRBIZL - TERIEOTEELNY
THREOMENFES N TLE > 2D, BRELTHLE
IRF AR % (A L & IR 2 bl 32 2 E kL
<. B TORMRIZ TORBAE L TWH EEZD
iz,

1 B%faelfﬁ

TEWL +76.95 ——» TEWL -63.03
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E5. v /0= —FILEBR&OTEWLEL

3. BERVSHORE

THE TICHEARM R Z B ITRE BT LTEY
BEE~A 7 B =—RKLT A ZADOIRITOW T, BREE
DOFetr, BRI EZWEET D2 DOHEORE, 12
U UREBEOUGE, BB N DDA R Y ViR
IEE Vo BICERY A TS, MmFHE TR ECES
LS TRERANE®BDR DN, TVA NI —V AT
LDMESIIZ Ko T, TAA ZAOWREZFEINCIHMECE 5
YN IE S T2, MPEE D D WVIEA VAV VEEWST2T
U K7y MO T, M RIENTE J O TEWL Ik -
TRFTOEREES Z LT, FT A 2ADMEEE Tk
WA, ARICBNTHSRIERI R ERETE LT
A ZADFESLEMF L I FT2NEBZ TN D,

(2% k]

1. Alexander H, Brown S, Danby S, Flohr C. Research
techniques made simple: transepidermal water loss
measurement as a research tool. J Invest Dermatol 138:
2295-2300, 2018.

2. KHEJREK. Bf§/N U 7 BERERHAL O BLIK & fofi il
TewameterTMHex. COSMETIC STAGE vol. 12, 2020.
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BE DTV AR OFERILA
R fRY) A RIZ K5 pH IRFERY 2k 8 R i

1. [IC®HIC

AERHINE (CSCs) 1E, BADFARLEIBICEE LT
50D, BAORIRIZINT TiX CSCs DIERI LT
THDH L —J5C, CDI33 2 EDfEH X S CSCs D
NAF~v—H—L LTRESNTEY ., $t CDI33 Hikiz

P AF 2N U T R SEMIAE & 1812 X % CSCs DEERI L
B L OVEI R ORI R ézh'(b\%) LU D,
CD133 72 E DA A~ — I — X EF MR BV T H 3 H
LTEY, Eﬁ%ﬂ%ﬁﬂ:ﬂ@“é%@ﬁﬁ%ﬁ?%é 4

—J5 C AR O BESH R S T VR ORI LA [V
Aue Y Ty RORBHIED b TnE 8 ;hif
{\Z. 5-boronopicolinic acid (5-BPA) 23 pH &fFHYIZ T T v
FRICHREA T2 22 AL CEBY ., EF pH (pH7.4) 1Tk
WTIE T T ARBBICRT DG EHAMRN— 7T, SN
pH (pH6.5) IZB W TIET T BRI fEAT5 Z & &0
BLTWD % Fio, 5-BPA X4 T T F U NEUED T2
T DEREIHERT D Z & T 2 BADOIEEEME~DER
ZMHI LRSS, AR AEBE~OERBEE @D, FRC
CD44 3Bl CSCs fERIREZ M L& &7 10 LasLiais s,
T UMD A 72 & DOEEEMEN A CSCs 12V Tid CD44! 2
CD1332 B 2 P OEHEOFREZFRBEL THDH Z 1D
ALTHY | 5-BPA DT WEA A CSCs DIERREIZ R TH
5, £ T, AWFFETIE, TUWIEMA A CSCs D/SA F=—
J1—"T® 75 CD44 X° CDI33 &, PEHFRM S 7R E DO
AR L, 20O 5-BPA O3V Vig)s AT o
7 IVEEDRERRES L O CD44 BatEfifiaitss L O CD133 B
PERIIERE~ DY JAL B AP L7z (K’ 1),

weak  Sialicacid No multiple
targeting

binding  pinding
™ by antibodies

Eiqﬂrk Tl at pH 7.4: 1o
ot S QA

1 7\
5-BPA-rhodamine

PBA- rhodamlne

. I\T ////// N 13"“ strong binding - 125 cpags
OO o atpHe.5 Multiple
N L Blood Cancer stem cells
Boronic acid derivatives vessel Targeting
X 1: RBFFROME.

2. EBRLER
1) T TABBHETWIBES AMIRIZIIT D CD44,
CD133 DFEEME D RAE

73

-
—

Bisns
T VIR

M2 720 N TR 7 ey =2 b
IR

T WA A CSCs DA F~—H—Th D CDa4 X
CD133 &, HESHARW Y T VER & O 2N E TN T 572D
12, TUVE2S A BXPC-3 HIlIEIC Alexa647 #Zi#%$HT CD44 HT
1A, Alexa647 fZ7hT CD133 ik 36 & OVFITC 5% Sambucus
Nigra (SNA) ZiIIL, 7o —H A F 2 MU —EIC
Alexab647 33 L OV FITC % F$8L4 25 MIaiE 2 [F & uio zZ
T, SNA [THHEKS S TSRS T2 Z L8 mbnT
BY ., U7 NBRGIEMBEEOREIZH WL, FORER.,
CD44 535 LUV T VERGYE O MMBIREA 12.5% Th D —
J7C. CD44 B rélz;ia F O T IVERENE D HINAREEDY 0.36 % C
HBHZ LMD AFIFTETO CDA4 [GIEIREN o 7 VEE %
%ﬁfﬁbm\é &ﬁ)ﬁﬂ bhpkileotz (K2), £72, CDI33

WL TH CD44 L [REROMM DR I, 12ERTO
CD133 B IaiE N > 7 ABEE I L TWD 2 B L
heleol (K2), LoT, VY TIBREENLTLZ L
12 &0, CD44 Bt 3 W i) AMIAE & CD133 Bt 3\ s
ANE % [FRFICARRE T E D 2 ORI S LTz,

——+anti
cD133
= = ~cortrol

——SNA 88.6(11.4 89.4/106

| = = =control

l
¥
|
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5
\
o N

\
N S o &
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Fluorescance ntensit o FITC-SNA Fluorescance infensily of Alexagd7-ani-CO44  Fluorescence intensity of Alexa47-ant-CD133

(E)100000

F)100000
F) 5

of FITC-SNA
g
8
g
8

ity
8
g
-ence infensity of FITC-SNA
g
3

Fluerescence intensi
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X 2 : TWEIS A BxPC-3 HIIZIIT 5 CD44, CD133 B LY
T VBRI B O R E

Q) TWIESAMBIZEIT 5 5-BPA DV 7 IVEREER
BE DFEAM

5-BPA D Wil AS A MR~ pH A 72 BL 0 5A T % 5T
92 7212, T VA A BxPC-3 fllfic v — 4 3 456
5-BPA Z RN L, S48 U BAMERIAIC K 0 MIRRPNICER Y A &
N7z 5-BPA 2B L7z, 22T, YT ABENER LV
pH JGZHED &V Phenylboronic acids (PBA) % = k1 —
e LTz, ZOfER., PBAR pH7.4 BL U pH6.5 1BV
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TRV AR EA R L7e—F T, 5-BPA IX pH 6.5 1T
WTC pH7.4 DR 4O AHZBEZ R LIZ(K3), T,
MIRREOS T NEEE GRT 5T VX —EBERM LIz
L2 A, 5-BPA OBV ABR BN A LIz Z E2v5 | 5-BPA
XY T IOEE~OFES 2 L C BxPC-3 MAICH D A E N T
WAHZ EnRmgEis (K3), ZOYTIEREN LI 5-
BPA DML Y iAZ#IZ, pH6.5 (23T 5-BPA & SNA 73
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Porous Microneedles filled with a Glucose-responsive Hydrogel

for Self-Regulated Insulin Delivery

1. Introduction

The microneedle (MN) array, a two-dimensional array has
recently attracted increasing interest as minimally invasive tool
for transdermal drug delivery. A MN patch, which contain sharp
needles with length ranging from 25 to 2000 pm, can penetrate
skin to bypass the diffusion barrier of the stratum corneum, the
outermost layer of skin, and transient microchannels without
touching nerve fibers and blood vessels are formed. Therefore,
macromolecules (e.g., vaccines or insulin) could be effectively
transported across the skin barrier in a pain-free, risk-free and
self-administered way.

(1) Porous microneedles

Microneedles can be classified according to their
morphology, and recently porous microneedles (PMN) became
of interest as they are advantageous for fast liquid absorption
and drug release. PMN containing a large network of
which efficient  fluid

transportation into and from inside the skin. They are, however,

interconnected  pores, enables
intrinsically fragile because of a large volume of the void, and
usually hard materials, like metals or ceramics are used.
Recently polymers have been applied as well and they possess
several advantages e.g., good biocompatibility, increased
permeability, tunable molecular weight, and facile fabrication
processes like molding and UV-polymerization. Nonetheless, a
sustain and long-term drug release through the microchannels
of a PMN is still challenging. PMN pose the risk of breakage
and leave the debris of needles underneath the skin and
inflammation of the tissue can happen. Moreover, cloggage of
the pores by body fluid absorption could result in discontinuity
of the drug flow.

(2) Filling of pores

A denser network structure is one approach to increase the
mechanical strength of PMNs; however, this usually result in
less porosity and a reduced permeability of the material. On the
other hand, increased permeability could be achieved by higher
porosity resulting in a more fragile material." One approach is
to fill the interconnected pores with a hydrophilic and

permeable polymer to further increase the mechanical stability.?

MRS 720 NTHEe) 7= =7 b

Barthelmes Kevin

This new type of hybrid MNs structures could significantly
improve the sustain and long-term drug release after skin
penetration.

2. Results and discussion

At first PMN arrays consisting of a stable, non-biodegradable
polymer material with high porosity (>50%) were produced and
subsequently, the pores were filled by a glucose-responsive
hydrogel.> The novel hybrid MNs were analyzed in vitro in
terms of mechanical strength, skin punctuation and insulin
release.

(1) PES Microneedles

We have investigated polyether sulfone (PES) as a polymeric
material for the PMN fabrication. PDMS molds were filled
with a PES solution in DMF and benzene was added on the
backside of the solution. The benzene diffuses slowly into the
solution and can interact with the aromatic rings of PES by pi
stacking. The PES solution solidified overnight and was
subsequently washed by methanol to remove the intercalated
benzene (Figure 1A). By this method, um-size pores
(Figure 1B) remain in the polymer structure, whereby the PES
and benzene concentration are crucial parameters for a good

MN morphology (Figure 1C).

A
PES/DMF i
Benzene

Figure 1: (A) Schematic representation of the PMN fabrication
process. (B) Pore size characterized by SEM images.

(C) Morphology of MNs characterized by optical microscopy.
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Moreover, the porosity could be adjusted between 60-80%
depending on the polymer concentration.

(2) Hybrid Microneedles

Since PES is a hydrophobic polymer, plasma treatment and
surface coating by poly(acrylic acids) was applied to facilitate
pore filling process by the hydrophilic pre-gel solution
(Figure 2). The pre-gel solution contains a mixture of various
acrylate-based monomers, crosslinker and initiator in methanol
and was added on the backside of the PES MNs. The solution
was soaked in by capillary force and could be thermally

polymerized afterwards (i.e., Gelation process).

Acrylic
acid
Plasma
PES
iiNe Polymerization
Pre-gel
Hybrid MNs solution )

Gelat|on
J oy e

Figure 2: Schematic representation of the hybrid MN fabrication

process.

The morphology of the novel hybrid MNs was confirmed by
optical microscopy showing sharp and uniform needles
(Figure 3A). The mechanicals strength was investigated by
shear stress-strain tests of a single microneedle. It was shown

that the maximum stress in the PES MNs was significantly

higher than the dry or wet MNs consisting of only hydrogel (i.e.,

naked MNs) (Figure 3B). Moreover, the mechanical strength
increased from around 0.6 N (PES MNs) to 1 N (hybrid MNs)
which clearly shows the reinforcement effect by the pore filling
process.

The hybrid MNs were analyzed in vitro by skin punctuation
test. It was shown that the new material could efficiently
penetrate the stratum corneum of mouse skin. A uniform
microchannel formation was confirmed by trypan blue staining.
The glucose-responsive insulin release was analyzed by
the  hybrid  MNs
isothiocyanate-labeled (FITC) insulin
whereby the hydrogel absorbed the insulin. Subsequently, the

immersing in a fluorescein

solution overnight,

insulin soaked MNs were immersed buffer solution with
different amount of glucose. The hydrogel can interact with
glucose and the resultant change in counterionic osmotic

pressure translates into a change in the hydration state of the gel.

77

A localized dehydration of the gel surface occurs and forms a
so-called “skin layer” which enables release of insulin from the
gel. The released amount of FITC insulin in the buffer solution
was estimated by fluorescence spectroscopy and it could be
that the hybrid MNs still

concentration-dependent release profile (Figure 3D).

shown show the glucose

1200

1000

800

600

400

Maximum stress [mN]

200

Dry Wet Dry Wet Dry Wet
Naked MNs PES MNs Hybrid MNs

—8—500 mg/dL *
1-6—100 mg/dL

Time [day] :
Figure 3: (A) Morphology of MNs characterized by optical
microscopy. (B) Mechanical strength of MNs. (C) Trypan blue
staining showing the formation of microchannels in mouse skin
after MNs treatment. (D) Glucose-dependent FITC insulin release

vs. time.

3. Conclusion and future plan

We could produce hybrid MNs comprising PES as a
scaffolding polymer and a hydrogel as a permeable material.
The combination of both materials further strengthened the
stability of the microneedles and at the same time the drug
release capability could be preserved. Nonetheless, a persistent
diffusion-controlled
Presumably surface detachment of PES and hydrogel caused

insulin release remained challenging.

small microchannels which result in leakage of the insulin
soaked MNs.
scaffolding materials which can interact with the hydrogel by

For this purpose, we are looking for other
covalent bonds.
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