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IS, SR FHAHN 435 & 400 000 f) HA B, BE A SR VA MR 25, SURT 4 R B0 IR SR . HA B9 5.0%
FIBERAE 15 min B IIE KR EDIA 250%, HL7F 90 min KA E] 350% 5 HA &0 8.7 % R 2R SMR IR 36 24 h i i
FETRIE I BRRRRIA 90% o IRIGIER I, TRAETDREHI &I PVA & B SRS IOR 20 R A05E, HFE% PVA &
BN, CEARKI BRBBCR B . 24 PVA & &N 63.3% I BEAEGRAERET MY, RS SR m I 25 R G %
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i e I SRR -1 (GLP-1) 244 i 3h 25 2K 2 WA
DNIRTT 2 BURE PRI BB B 2, TR RGN B I
RAFZRL A5 L U AR A0 2 i 15 21 17 37 1 4
Tt LHEIIK (exenatide, 1) £ —A LT
GLP-1 ZARBBh 252K 259, & 39NEKEER, 450
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20% B ARG IS SRR, &
T B 1] A RE R . Ak, R R
AR To, XOTESERANRE T b 25 250 1 ARG
A AR 2 R T R T R K .

M AERIE (4 22 AR AR S R R AT, ik iE
BRI R T RESE Bl IR H AR5 5. TS
NRPENT 1 mm F/NEFIR RRE,  BENERIE 251
e it B R A (R B2 ), JEZGW38 3% 2L A7 41 i 1)
SRR EL R, HIAN S P R P 4 2L R gk
AR R T OISR AR AL T, A A
FE R A R EWTR A2 8 e T2 N
VIR R T 20% 85— RIUIL AL, IFAERR B &
(R RGOS K 25 25 TP S B 1 B B2 R RN 2 B 27 4
Ro BT, AWK 1 IF A S EALRET I B
MR, CAEAREI. Jodm. mriE a6 2 i kg5 25 )
Fitk, 9 BE RGBSR, AT it
b USRI R R IR G RO EOR, AR O
B (PVA) REEIIFER (HA) 1E AR B R AR
B, EEHERMIERE YT, B8 T AR
B IRR R HIE AT 4R 4 (CMC-Nay )« HA (#
Xtr ¥ 4 000 A1400 000) ] %t 1 fBHEAK HI5Y
Wi HRBEAT AANBETBOR SR, AE A E & B
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HA (400 000) . PVA Fl#k 28X et b 1R 52
W, CAIRARALH & 1AL A AL T
1 UEE5RHH

CX-41 B2 i [ SRR (HE ) HIRAF D
Sirion 200 49l EE (S FEI A% ) ; Agilent 1260 %45
RO A (2 E R RA T ) 5 Bk [ b
HE B (Rephile) MR AIRA R 1.

1ORAYEEE AR R IR AR, 4 98%, Hits
20160501) ; =F LM (TFA) . ZMEH PVA (#15 AH-26)
(EZEEERFAE R AR ) ; CMC-Na, M %4 (DEX,
M,=6 000) ( 2£[H Sigma-Aldrich X7 A& ) ; HA(M,=4 000,
BRI AE MR A R A\ ) - HA(M,=400 000, BkpEfk
FEYIAAG IR AT ) o
2 iS5
2.1 1 FHEL AL R 4
2.1.1 £FAR#Z5 PVA VA BC

16% PVA & « FREGEZK 84 g Al PVA ¥R
16 g, MEFTEHA, KA I I Fr 2 2218 5t £
ZPVA R, BEEZRTHRAH, HE
PVA R 2R A S EIEEH RS .

AR - IR 1FREL— 8 & 1) K FA R
MR, BN, bt REBEHEZEHA
TR, R TE 4.

B LR ik PVA ¥ WA G R i R &
1A 7 AT IR G, B0 (90%g)30's, &L
(450%9) 40 s, il & BTG AR 73 B H35—F20E % R E
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24 PVA Y5
2.1.2 FEE WS %

M “2.1.17 TR PVA % & 072,
18% (1) PVA V&L, BIANZENEZE B .
2.1.3 HHEMH&

fE “2.1.17 1K PVA ) % O v, R
32% ¥ PVA VAT, ~FHl T B3, FH48 —20 CHR4.
4 CRREURTEIR 2 IR, BP15 B — e WM AR FE (1)
B Z.
2.1.4 1 AHEALTIET ) 4

WK 1 R, B“2.1.17 R AR EZ PVA
RS T RV IR LR IR (A B oA
S s HEwE, FEE R R L% S TR
AFEAT I ) b A5 R Rl B S A 2
PVA AL, B35 REZE. B “2.1.27
TUT ENE B IRS T8R4 2 L7, SRR
HAMFIEEER S, WEFER. R
FRH B A EE, W “2.1.3” B RS EESET
FEE BJ7, RN BRI E RS E0E)E Z RS
Wt T —20 CA R 12h, 4 CREZGG 4N, EH 2 IR
BV - FRUEEIN . B M E E B F =R A
R, SEIRA —EMmE e . B T
Ja I R E AR 12 mm B3, AR
2.2 1 MEALSIET 7MW

B “2.1.47 TURHI&M L AFAL AR, a8
e BB R L T TSR, SR ILIA 2.

e il

*1 ATHE L BRUMERELTS 1%

Tab.1 Different Formulations for the Exenatide (1) Phase-transition Microneedle Tips/ %

Loy R PVA HA (400 000) HA (4 000) CMC-Na, DEX 1
F1 60.0 5.0 - - 19.0 16.0
F2 56.0 - 31.0 - 5.0 8.0
F3 56.0 - - 7.5 135 23.0
F4 85.1 6.0 - - - 8.9
F5 82.6 8.7 - - - 8.7
F6 80.3 11.3 - - - 8.4
F7 63.3 - - - 30.9 5.8
F8 66.1 - - - 28.1 5.8
F9 68.9 - - - 25.3 5.8
F10 70.0 10.5 - - 175 2.0
F11 70.0 10.5 - - 16.7 2.8
F12 70.0 10.5 - - 13.6 5.9
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Fig.1 Preparation Process of the 1 Phase-transition Microneedle Tips

A B
AR RBEIE T (x100), B FHBEIT (x200)
2 1 1EERLISTRISINL

Fig.2 Appearance of the 1 Phase-transition Microneedle

SERTW], WIS 1A 2K EHIR,
B ARG o I 7 W A A= i F 5 1 U
W, A3 AR B BEZ 9 900 um, i H AT
2379300 pum, FHAR 2 RGEHEF R I E L IR B 248
850 um. TGS EAKAR, A —E AL
WOREE, PRI 5 T2 o N AR B R EAT 1 A adak
2.3 1 [ HPLC 43#r

&5 . &84 Cp £F (4.6 mmx250 mm,
5um) ; #shA8 0.01% =5 LR II/KIEW (A),0.01%
ORI CREH (B), BAEEBERL : 0—20 min,
A 70%—45%, 20—25 min, A 45%—70% ; 4
K 214 nm; A2 25 °C ; Ak 1.0 ml/min ; #4F
% 100 .

AR, 20 wo/ml #1300 B

W, 45 5HF Rk % )y (96.75+0.64) %, RSD
4 0.66% (n=3). 17E pH 7.4 ] 0.01 mol/L iRtk
zz il (PBS) i HPLC ok & W& 3. 45 &
A 1 U RE SV R AT Hh oy B, R 2 I R R IE T,
HAR B A 29 9 14 min, AR, 13RE ¢/
3.125 ~ 100 pg/ml 3 6l P 55 W T A A 2 14 58 R AL
bRt 22 7 F% ~ A=135.96¢-366.43, R°=0.999 7.

mAU
120 1
100
80
60
40
20

0

2.'5 5 7'.5 16 12'.5 1'5 17'.5 2'0 22'.5 2'5
t/min
1-1
3 17£PBS #1gy HPLC &[]
Fig.3 HPLC Chromatogram of 1 in
Phosphate Buffer Solution

2.4 AN[FIBETT BT B AR TG L5 5%

BURER 1 b by FLOF2 F3 4510 1 BT A
TRATAR BT W o MR UCH 2 DU 91 A BB 853 97 4%
BEAF LT OB B, AR ER . 7E 24 FLIK
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BN FLIN IR ALK 0.7 ml, B 5 Bt s
FrBIVE TFLA, 82 IR AR K H . T 1.2.4,
7. 10, 15, 25. 40. 60 F1 90 min BV KAt G H M
24 FLRNELH, HERTZRAKDEFRE, K 0K
FIF &L N W, tIFE AW, BL (W, -W,) / W, &
NI AR I A KRR, BRI AR AL A L
523 ralbL tOREARER . IR A AAARAE K,
HEAFRE 1SR s, 258 A 4.

0 10 20 30 40 50 60 70 8 90 100
t/min
= 4hT7FL; @-4bTTF2; ACkbTTF3
E 4 TR 1ERISKESm (n=3)
Fig.4 Effect of Excipient Type on Swelling of
Microneedle Tips (n=3)

LEHLK ], CMC-Na, 1 HA (4 000) X1kt
Ak () S RE FE AR ARL,  7E 20 min A AK %A 200%,
Z VI FE IR TN, T4, £E 90 min BE
fik % £ 300% . 1fii HA (400 000) ittt Ak 4 5
K, fE 15 min B K ZERIIE 250% ,  HAE 90 min
B8 2 350 %, LU KR B DA R v ik ok 2 38 A T
CMC-Na_ #1 HA(4000) , HitAT AHERKT HA (400 000)
XTI TR R AR B K, BRI A FO2 1 AR A%
At R AR R R

WS I AT I AT SN IR IR e SR, S5 50
Bl 5. AL, AR AT B4 SR VU SR 0 IR
PKAFEE, MEBEEIERKEZ 500 um ; ¥
M JE e, BT HEFRIOK G RAR K, AT
Ko R BRI IR AT BB B e KB IS, A
2K S A UL ) % T R R A B i R T R
RE.
2.5 AN[FAL T ST B AR AR TBUR 075 58 J A T i i

e 1 kb Jr F4 ~ F12 il £ 19 1 e I s
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A B
A BEMEIRTIRES, B« MEHARK SRS
E 5 MEHRKATRIRESER
Fig.5 States of the Microneedles before and after Swelling

VR 58 DY 960 20 B RN 455 S 4R B0 R AT IO s Ao
roeiaih. 78 24 FLIRIEAFLN A pH 7.4 PBS
2 ml, VG EZELFRE L B B T AL, fER
BB EK . K 24 LR BIEIRIR G B R A,
WEIE N 37 C. ¥k 100 r/min, #EATHRIME
R, T 0.5, 1. 2. 3. 4. 5. 6. 8, 10. 12,
16, 20 A1 24 h BUFEREAT HPLC 734, JF4: AR
AE T IR AN B 28 . RRIRIURE SE R, 7ok 24
FUBRBEANFL N AR B i PBS 2 ml 584, bk
NI AFHFEMER 3 K.
2.5.1 HA & EXT T B2 3N 71 2 ) 50 [ i ik
KHALTT F4 ~ F6 HEEAE S & HA X
LR sem, 458 0LE 6.

8 10 12 14 16 18 20 22 24
t/h

B-/L75F4; @-4LT5F5; A-ALTiF6

E 6 TRIEE HA XM+ 1 BRaIFE (n=3)
Fig.6 Effect of HA Content on the Release of 1 from
the Microneedle Tips (n=3)

iR, AFEER HA AL 1 E
24 h MZERAIEH, HE&EBE, 1 ZRBBERK
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H. HA G EN6.0%E, 1JLTPERBEIS, 2F
RIS T 24 58 8.7 % A1 11.3 % I FHAHALL,
TERETBIAEE B B RIS,  HAE 24 h i R AR
BB =ik 90%, WE ST HA S &N 6.0% K
80%. FHULTTLAHENT, HA WL/KIANK G Bei 3 4t
RN PVAFLIR, 2k 1 AR s 1124 HA [ & sk
B — AR, PVA FLIF K /INAS T 75 55 i 38
Ko 1RO R A T 2 K. BRIk 9 43
HA & Awid s, 8.7%R1H,
2.5.2 PVA & EXMENREZG N 775 120 [ b T ik
KA TS FT ~ F9 5 %A [F 5 & PVA X ikl
W LR RC R, SR 7.

0 2 4 6 8 10 12 14 16 18 20 22 24
t/h
B-4bJ5F7; @-KLJ F8; AALTIF9

&7 PVA ZEx#Etsd 1 BRaIFE (n=3)
Fig.7 Effect of PVA Content on the Release of 1 from the
Microneedle Tips (n=3)

ZERFW, ANFES RN PVA Rl 1 ke
F| 24 h I RBAERH, HEAMARIRE ot 23,
HPVA S, 1 RBRBERCEBIK. Y PVAS
BN 5.6% M (Bl4b)7 FO 5 F7 At ), 1 BFUR
TR T FEZ) 10% . Bt nT DAHEWT, PVA F =300,
TEFTER T - R FE TP I 25 S BRFE BRI OR, &1
R E KIS PVA LIRS, S8 BBV R
Wb M4 PVA &K T 63.3% K, 75H]4&id %
HHE B N M, A 5. DRI ER SR 4 PVA
EEAEHILE 63.3% I Bl
2.5.3 A EXUEI B LB T2 RS

KHALTT F10 ~ F12 HEEA R 2 2 8o gt
1R s, 455 0L 8.

1 J

8 10 12 14 16 18 20 22 24
th

B-A075F10; @-4bJ7F11; A-4bJTF12

8 AREIFHAEXNRETF 1 BAMHIFN (n=3)
Fig.8 Effect of Drug Loading on the Release of 1 from
the Microneedle Tips (n=3)

0 2 4 6

SERRZW, AREAGENE 1 RSN
I A —F, HAE 24 h B 1) B2 RUR R T
60% . R 1 AERE B & BT HRE 0B R R
BRI A K . AIARYESLFRiaIT 1 R E R K
SKREEGE G B LS
3 g

ARG R T 0 SR DY S U0 B A 25 9 4R
CLEET W (SRR M ERAE, BRI TH
PO )37 38 e 2 i3k N B B SRR MR R s R . 3R
VU5 M AN 5 9 4R U= AL 5 2 Ja vl AT koK 3%
NBEFEATE, 8 H I ER 9 o] DU USORE S0 K AR
TR AIREZY

HA AR 1 B 0 Re LA Rl 45252 1)
B R IE LG, RIS R ORI T SE R TR TR
Sy Tl e o VAHFAGTIET MG i 2 T Rk . A
WFFE A ] & 7 SR AR T B 1 AR AT I e, @t
% CMC-Na, . HA (4 000 #1400 000) Z4#klxt 1
TV I (1) 5 R AN [) 5 & HA (400 000) . PVA.,
1 X REZ9 3 1 i, sk th HA (400 000)
8.7% . PVA 63.3% MG RN 1 et s KRS
ZifE R B, BOEEEAEMIEC T . Rk, 7ESER
#LE L, HA R PVA BEWH RS S8R T2% 1)
HAERIAEN 24 h BRAGHIZE . IX S FIE R E AR
PIRAE = AR, B T ASRES ARG 1A
AT U P LA B2 1k
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Preparation and Formulation Optimization of the Exenatide Phase-transition
Microneedle Tips

ZHU Siwen, LIU Feng, WU Fei, JIN Tuo*
(School of Pharmacy, Shanghai Jiaotong University, Shanghai 200240)

ABSTRACT: Exenatide, the first commercialized glucagon-like peptide-1 (GLP-1) receptor agonist for treatment
of type 2 diabetes, has received quite positive market responses due to its blood sugar responsive efficacy, the freedom
of hypoglycemia concerns. This present study was aimed to formulate exenatide into phase-transition microneedle tips
to meet the needs of the patients who required such tolerance training with a minimal invasive, painless, and flexible
for on-and-off dosage form. Phase-transition microneedles could penetrate skin with enough high mechanical strength
at dry state. Upon piercing into the skin, the microneedles would present soft hydrogel states and offer sufficient cross-
skin permeability to hydrophilic agents by absorbing body fluid and swelling from the tips to the supporting plate of the
entire microneedle tip, thus opening up diffusion channels for the transdermal delivery of hydrophilic macromolecules.
In terms of formulation design, since both the mechanical straight and the in-skin swelling ratio of the microneedle tips
should be taken into account, we decided to use polyvinyl alcohol (PVA) and hyaluronic acid (HA) to form the matrix
of the microneedles of targeted properties. By adjusting the ratio of the two polymeric components, we found that the
required needle straight and drug release rate were met simultaneously when HA with M, of 400 000 was adopted. The
water swelling ratio of the microneedle tips with HA amount of 5.0% reached 250% for 15 min emerging, and 350% for
90 min emerging. An in vitro release assay showed that 90% of the drug load was released from the tips with HA amount
of 8.7% within 24 h. We also found that the content of PVA played an important role to affect the drug release rate of
microneedles. Experiments confirmed that the cumulative release of exenatide decreased with the increase of PVA content
and PVA content of 63.3% was optimal for achieving required mechanic straight and drug release rate. It was slightly
unexpected that exenatide loading had little effects on the rate and cumulative amount of the drug release.
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