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Traditional non-invasive transdermal patch systems are simple and comfortable to use, but the choice of therapeutics is
limited to small molecules due to the existence of stratum corneum. To overcome this skin barrier, microneedle arrays (MNs)
have gained increasing attention as a novel minimally invasive method and they are able to deliver a variety of molecules into
the skin, including small drugs, macromolecules, nanoparticles and fluid extracts. MNs have been demonstrated to effectively
penetrate the stratum corneum into the epidermis and/or superficial dermis to administer compounds into the skin for local or
systemic administration. Their sharp tips and target insertion depth reduce the risk of encountering the nerves that perceive pain.
Among numerous research works regarding MNs, the ones made of biocompatible and biodegradable polymers and
carbohydrates appear to be an attractive drug delivery system. They have the potential for loading drugs into a matrix of needles
and efficiently releasing them in the skin by biodegradation or dissolution in the interstitial fluid; a one-step application. If left in
the skin, these types of needles safely degrade and eventually disappear, which are free from the risk of complications of the
ones fabricated from silicon, metal and glass.

Based on these observations, in this study, novel dissolving MNs fabricated from hyaluronic acid (HA) were developed,
evaluated their characteristics and assessed the improvement on transdermal delivery of relatively high molecular weight drugs.
Moreover, insulin-loaded MNs with insulin containing in whole needles were fabricated and characterized their ability of
transdermal delivery of insulin to type 1diabetic rats in an in vivo system. Furthermore, in order to minimize the wastage of
drug, accurately control the drug dose and achieve a fast drug delivery, exendin-4 tip-loaded MNs were developed and

investigated their acute efficacy in type 2 diabetic GK/SIc rats in an in vivo system.

1. The characteristics of novel microneedle arrays fabricated from hyaluronic acid

MNs fabricated from HA have 190 microneedles in a circular array with a diameter of 10 mm. Each needle was
approximately 800 pm in height, and had a diameter of 160 um at the base and 40 um at the tip. After being inserted into the
dermis, they created drug permeation pathways that had a similar shape to the inserted MNs in the histological cross-section of

skin. The MNs containing blue dyes uniformly created pathways on surface of rat skin, and the blue dots corresponded to the




injection sites of the MNs. After the application onto rat skin in vivo, MNs appeared to slightly dissolve at 5 min and
approximately completely dissolve within 1 h. Moreover, the MNs significantly increased transepidermal water loss and
reduced transcutaneous electrical resistance, indicating that they could puncture the skin and create drug permeation pathways
successfully. Both of the value almost recovered to baseline levels in the MN group, and relatively small pathways created by
the microneedles rapidly recovered as compared with those created by a tape stripping treatment. Slight erythema but no edema
appeared at the injection sites at 1 h and disappeared within 24 h. The primary irritation index of the MNs was calculated to be
1.7, indicating that irritation and skin damage caused by MNs were slight. Furthermore, in this study, fluorescein
isothiocyanate-labeled dextran with an average molecular weight of 4 kDa (FD4) was used as a model drug with a relatively
high molecular weight. It was found that the transdermal permeability of FD4 using the MNs was much higher than that of the
FD4 solution. Furthermore, the MNs were much more effective for increasing the amount of FD4 accumulated in the skin.
These findings indicated that using novel MNs fabricated from HA is a very useful and effective strategy to improve the

transdermal delivery of drugs, especially relatively high molecular weight drugs without seriously damaging the skin.

2. Application in the transdermal delivery of diabetes drugs

Insulin-loaded MNs with insulin containing in whole needles were uniform in size with sharp tips. They maintained their
skin piercing abilities for at least 1 h, even at a relative humidity of 75 %. After storing insulin-loaded MNs for a month at —40,
4, 20, and 40 °C, more than 90 % of insulin remained in MNSs at all temperatures. It was also found that insulin was released
from MNSs at a relatively constant rate via an in vitro release study, and the majority of the insulin was released within 1 h. These
findings were consistent with the complete dissolution of MNs within 1 h of application to rat skin in vivo. Therefore, the novel
HA MNs possess self-dissolving properties after their dermal application, and insulin appears to be rapidly released from these
MNs. Furthermore, a dose-dependent hypoglycemic effect and transdermal delivery of insulin were observed after a dermal
treatment with insulin-loaded MNs in vivo. A continuous hypoglycemic effect was observed after 0.25 1U of insulin was
administered to skin via MNs. Additionally, lower peak plasma glucose levels, but higher plasma insulin concentrations after 2
h, were achieved with 0.25 IU of insulin administered via MNs as compared to the subcutaneous administration of insulin of
the same dose. Pharmacodynamic and pharmacokinetic parameters indicated that insulin administered via MNs was almost
completely absorbed from the skin into the systemic circulation, and that the hypoglycemic effect of insulin-loaded MNs was
almost similar to that of the subcutaneous injection of insulin. These findings indicate that the novel insulin-loaded MNs
fabricated from HA are a very useful alternative method of delivering insulin via the skin into the systemic circulation without
inducing serious skin damage.

In order to further improve the efficacy of soluble MNs, drug tip-loaded MNs were designed and developed. FD4 was
selected as a model drug, and content in FD4 tip-loaded MNs was shown with standard error below 10 % in the microneedles
with dosage of 1, 2 and 4 pg/patch. In vitro release of drug was rapid even at 30 s at the beginning, and the majority of the FD4
was released within 5 min. Furthermore, in the acute efficacy study in type 2 diabetic GK/SIc rats, exendin-4 tip-loaded MNs
showed a nearly equivalent efficacy as subcutaneous injection on glucose tolerance and enhancement of insulin secretion. The
pharmacokinetic property of exendin-4 tip loaded MNs was observed closely matched the same dosage exendin-4

subcutaneous injection.

In conclusion, these findings indicate that the novel soluble MNss fabricated with HA were very useful alternative method to
deliver drug from the skin to the systemic circulation without serious skin damage. Therefore, the HA MNs might be effective

and safe dosage form for transdermal delivery of insulin and exendin-4 in clinical applications for the treatment of diabetes.



FEHEOMRDOHEE

—fBIZ, A LAY LR EOEIGIE AT DT T R - X ooy VEEIRENT, B B B X 0 S
ENTND, LnLans, FFITREAZO, £27 LAX 72 PFORWERZ53E Lo 0 B0 ) R
EHTDZEDE, FHEICDDH LW GREEANER S CT0d, ZHBEERED 5 b, BEHE1E,
OBV ERRBLZ IR 8GRI & U CHER STV, KEORINEBICITAEREIFEL, 3
WIDF O F R DIFERE & 72 5728, KENERE D FHEMOTEHIR SN TND, Lizd> T, 3
DORRPERA A FTREIC T 2 72I2iE, SO G E A SGE T D BN D D,

29 LIEBLEIN D, BUEE CITREINMRERIORIT, 7'm RZ v 7, A A4 b7 4 L ZOFIH,
Y )7k LY AOFIRT O IR FRINSE T ED TR DIVTND A, Fr TR DRRE R A A
iR LTI IR O ONEBURTH D, & 2 CABIZE CIIAERNTH O L, et
b7 AREFEM L Lz~ A 7 a=— L (MN) 2T, BERIBIRERTHH A A ) KDY
Exendin-4 RS DUCE 27 T T,

FT. MN ORFIRHEC LN OWTIRT LTz, ZORER. MN ZBRELZT > MBI S Lz L
ZA MN RS —ITHRATE 5 2 0B Hive, F72, MN IXREHEA%ARKR L D 1 RN Tl
PDNTESR L, 3% BN TN, JEBLT, £72. MN ERIC K 2 B Ok 328 iSO i i B i
Nay ha—AgEE AL L7 2 2000, MN IIAERANY 7B IR TS5 Z LN -5
oo LMLERRD, ZTIHOZM KX Tape stripping #f & L~ CTH 0 v CTHH Z &b, MN B3E D
D TRETHD Z LGRS,

PRI MN % IO TBERIRTRIREEA A ) o OB EDSGE DWW TR LTz, ZOfER, MN H1o
AR EREITSTH Y EOESIBRACBNTHLETHDH Z EBH LN/ 5T, £/, invitro
IZH1F 5 MN OFERIZE Y A R Y L ORFEBEIENTEEITHAR L, 1 v R Y voREE RS 7
B A DEEHGE LT Z LR BT, E£7-. in vivo 12815 MNIZ X DA AU ORI, BERE
ETVT v bOMPERE F RO A A Y A BRI RAE L, 202 UEA R Y AL
ThoHZEBPLNIIRoT, IHIT, MN IZEY A R o &2Feh UT-BEo M L O A 2
VIR, B P BICHANRIFREOEIS R D Z E MR CE T2, £72. MN OFFER 5I77E0 9 b,
a—7 4 7 MN KOS AU G MN 2 LIZBSA A ) o ORI 2T D = &
D3RO BT,

EHIZ, GLP-1 O7Fr 7 Ths Exendind %Sl HAH U7 A fiE MN 23R8 L, 2 BUEIRIp
DETNVEWICTHS GKISle 7~ F&FWT Exendin4 &8 MN ORE#EABOAINECOWTHREIL
7o FOREF, Exendin4 &4 MN OREEM%, 7V 32— AMEAEe HONIA A U L3 WOBERH
BRI, O THRG-OHE LIRFEFRETH S 2 LR BT, L7z~ T Exendin4 &4 MN
1%, 2TBEIRIFIAIEOBAC Exendind O FEGIZROD b THRAZEGEETH L Z L MEETX
7

LIEDZ &5, A MN 13, BERFIEFIE CTH LA 2 ) O Exendind OREININSGEA AL TH
D ENRD LN, A MNITZEMT BB TS Z b, A, A LMD SN REOE R
Fill& L CORERISHS T S D,



NGRS & T DOFMEL I D WILOWEZHFA LTSRR, AmSEiEt G OGRS E L TOfilifE
EHT L0 LW D,



