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Abstract: In clinical application, a microneedle system that continuously delivers drugs is of great

value for the delivery of some vaccines and hormone drugs. In this study, a controlled-release
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chitosan-based microneedle array (PVA/CS-MN) was designed, combining microneedle patches with
drugs for controlled-release of drugs. Here we report the optimization of the preparation process of
PVA/CS-MN. The appearance, morphology, mechanical properties, dissolution and swelling properties,
and in vitro penetration properties of the MN arrays were characterized. The PVA/CS-MN prepared by
the optimal process showed good morphology and mechanical properties. PVA/CS-MN can smoothly
open microchannels on the skin and achieve controllable dissolution and swelling functions. Ascorbic
acid (L-ascorbic acid) was used as a model drug to prepare a Vc-PVA/CS-MN. In vitro transdermal
diffusion experiments showed that the Vc-PVA/CS-MN released about 57% of the drug within 1 h.
About 66.7% of the drug was slowly released within 12 h, and a total of 92% of the drug was released
after 7 days. The controllable sustained-release properties and excellent drug delivery efficiency of

PVA/CS-MN provide a new option for sustained transdermal drug delivery.

Keywords: chitosan; sustained-release microneedle; penetration performance; swelling performance;

drug release effect
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The process for preparing Vc-PVA/CS-MN.
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Figure 2 The morphology and size of MN. (A-F) were prepared by a three-step centrifugation method,
wherein (A), (B) and (C) are the optical micrographs of the MN array from the side view, top view, and front
view, respectively. (D), (E), (F) are scanning electron micrographs of the corresponding views. (G)—(I) were
prepared by a three-step centrifugation method, and (G)—(I) are the optical micrographs of the MN array from

side view, top view, and front view, respectively.
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Figure 3 The force-displacement curve of a single
MN in the axial compression test.
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Figure 4 Dissolution and swelling properties of PVA/CS-MN. (A) Before swelling (dry state). (B) 10 minutes
after insertion into the hydrogel (maximum swelling state). (C) After 7 d in the hydrogel (complete
dissolution). (D) Variation curve of MN expansion rate with time.
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2 13 37
4 11 37
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8 7 37
10 5 37
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Figure 5 Swelling and dissolution properties of different PVA/CS-MNs. (A) The variation curve of the
expansion ratio of PVA/CS-MNs with different ratios with time. (B) The final dissolution time comparison of

PVA/CS-MNs with different ratios.
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Figure 6 The puncture ability of PVA/CS-MNs on isolated skin. (A) Micrograph of PVA/CS-MNs
penetrating the skin. (B) Enlarged image of a single microchannel in (A). (C) Initial state of PVA/CS-MNs.

(D) Staining image of PVA/CS-MNs penetrating the skin. (E) Enlarged view of a single microchannel in (D).
(F) Swelling state of PVA/CS-MNs after 5 min of penetration.
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In vitro drug release properties of Vc-PVA/CS-MN. (A) UV chromatogram of ascorbic acid

solution. (B) Ascorbic acid standard curve. (C) Comparison of the transdermal drug release performance of
the two methods. (D) Drug release rate of Vc-PVA/CS-MN within 7 d.
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B AA 50 CT 4240 Him# 5 min DA
o 3 REIEA DS HERR 6l 25 2 f v ™
2R, RO NIRRT AN
VT 4475 L 5 K B2 b s/ 2 BRI i o [ B
PR A R S A K 28 R A e, AR
PE 2 BRZEAA A TR B0 T 5 S R i,
— 7 2R T MR AR S e 2 . R,
LA 5 TR 2 M R M D BB B A 11 o R o
w, BT ERIEE R 37 C,

ARSCHRIE T T 45 G R BB ) SR L 4 T
2, PR T R AR . SRR T
FR) = 25 B 0 5 Tl 2% T 48 52 8 TR AU IR 90 1 T
2. HIA15EI PVA/CS-MN EA 1 B Ay % ik
52k Re, AR BB IE K BE R, MN
FEHI7E 2 min IS KR EDE 160%, 10 min ik 5]
HCOP AR, AR ZIE 230%, (RFRE K
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T8 AHLA b [l i) 4 S g R W] MN BB
A Z 5 0.81 N B H AN K AL W3 .

[F] i} Ve-PVA/CS-MN HA A #3122 B bk
DA K AR B 213 3R 300 % o 3 2ok el A8 56 5 b
MSEAR R T HA AN FZBERK A MN (51,
REMEWE R AR B S 2L EoR. BEE
2SI FR W], Ve-PVA/CS-MN EA L B 1 B2y
PERE, 76 1 h BRI 129 57%MZ5%), 12 h
WEILBI T Y 66.7%M25%), 254 Bk ik
LSRRI 14 45, BlJS AT SR, 7d
JE BB T 92%m9 254 . A SCHE Yy B4 w]
e B R DL L R 25 W0 R A R Y
PVA/CS-MN N 2§ (5525 R i ik P2t T —A>
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