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Abstract: To investigate the feasibility of preparing polymeric microneedles (MNs) from a composite
solution of hyaluronic acid (HA)/polyvinyl alcohol (PVA), HA/PVA composite solutions with varying
mass fractions (6%, 8%, 10%, and 14%) were prepared via a micro-moulding method. These solutions
were injected into polydimethylsiloxane (PDMS) molds to fabricate hyaluronic acid/polyvinyl alcohol
microneedles (HA/PVA MNs). The microstructure, swelling behaviour, compression properties, and in
vitro skin penetration capability of HA/PVA MNs were investigated across these concentrations. Building
upon this, curcumin (Cur) was employed as the drug to achieve controlled release from HA/PVA MNs,
whilst the antimicrobial efficacy of drug-loaded HA/PVA MNs was evaluated using the plate count
method. Results indicated that as the mass fraction of the HA/PVA composite solution increased, the
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14% HA/PVA microneedles (14HA/PVA MNs) achieved a compressive stress of 0. 77 N/needle with a

skin penetration rate as high as 99%. With sustained curcumin release in phosphate-buffered saline, the in

vitro drug release rate of HA/PVA MNs exhibited a decreasing trend with increasing mass fraction of the

HA/PVA composite solution, with the release behaviour conforming to a first-order kinetic model.
Specifically, the 6HA/PVA MNs demonstrated the highest drug release rate, reaching 81.48%. At an
antimicrobial concentration of 80 mg/mlL, the HA/PVA MNs exhibited in vitro antibacterial rates of
85. 20% against Staphylococcus aureus and 68.50% against Escherichia coli. This study provides novel

methodologies and experimental evidence for fabricating composite soluble polymer microneedles.

Key words: polymer microneedles; hyaluronic acid; polyvinyl alcohol; antibacterial performance;

drug release
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ﬁ
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1.4.5 HA/PVA MNs HIl3 5 Bk & 16
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5.0.4.5.4.0.3.5.3.0,2.5,2.0,1.5,1. 0 mg/mL
F10.5 mg/mL ) Cur S . 7F 425 nm P K
T A6 B I e A v B 6 R Y Cur HH
WV TR OGRS I AR ERR 2R

£ HA/PVA EAWHIMA 1 mL 5 80 1
R BER A BIECH] Cur BUEHRE R 0. 05 mg/mL Y
620.8%0.10% M 147 HA/PVA E AW F ik E
BVERSY W BT PDMS 5 B, LA 8000 r/min 1

B0 10 min, ffi 52 GV W 78 0 8 BRLEARR,
GRS 2 AR REMES 3~5 K
DIEBRIE RN AW, EER THCE 12 h fFHF
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B Fid £ H Cur HA/PVA MNs & T3 Hiit
AT RSN BEIEAY . 1 S0k Parafilm® 45 01
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JETE Parafilm® £ 0 F, 3160 {8 51 14 38 P 58 4 %
FEE TR Bl AR 9 B0 BT 37 °CL 300 r/min #
TR A KA B T RF LRI 5 1o RO 1) 2 AR = A
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i 5] PBS 2% MR s FJ7E 0. 5.1.2.3.4.5.6.7.8.9,
10.11.12 h P 24 h WS I 1 mL Wik,
Wt PBS 2% wh i (4 BUIE &2 45 W BURE J5 7 B #b 72
1 mL PBS S . R AN 0T L
JCRE AR AR o R Cur BB il e K BTk
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Bl A2 IR 2 SR ] a] 5 259 i BT R A
OrHCL PP AR 2547 L 2 BT R R
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Fore i ST A (a] [l B BUEE R 1~n—1;C, #
TNERRIBUH SR T 25 B s mg/ mL; V, RoRBRIK
BUBIRR AR Z BN 1 mL; C, R R it A
SRR L g/ mlLs V, Fon BRI TR A
R mLsm, FRBEANRGETIWZ5Y) 8, mg.
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Xof 4 B €00 7 R B N K 35 A TR I 0 A R, LR
TR R TCTR 120K 2 F i A4 Fh T 3018 7
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29 1 em WIBATR 5, HeFP 2 20 mL A9 1E R HE R 85
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FI00 BE i B M B TR VRO BE TR 2 10° A/ mLs
80 mg A[FIZEA Cur HA/PVA MNs 43 FIIA & B
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PRI R R 3 55 R 75 B 5 B 100 L AR[EZEHL Cur
HA/PVA MNs W R IR &9 i JC T8 U A 444
HI S R AR BNG P A R TH , TE R 7R P R
K535 24 hyid SO AR BV B PR R
R HE.
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C.
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=]
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e |
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-----------
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(b) 6HA/PVA MNs. 10HA/PVA MNs. 14HA/PVA MNs
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ik RE .
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= 1000
M
= 800
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400 '
200 +
0 C |/ L L | ! I
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5 HA/PVA MNs R45MNA MR i 25

&l 6 Jg A A B hE vk B HA/PVA MNs B P
Bk R AR E . B 6 R 20 min J§, 6HA/PVA
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14HA/PVA MNs [ % Ik 3 23 53k 8] 247.9% .
263.0%.207. 3% 1 194. 0% , 3% S K Ky 4% Joii 4 v
) HA/PVA MNs i 2| B ig f i AR B R s
FEBW AV B IS U ik R, SHA/PVA
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400 -
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350 F ] SHA/PVA MNs

300 | 2 10HA/PVA MNs
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150
100 |
50+

1 5 10 15 20
Ff 18] /min
6 HA/PVA MNs kiR KEERE

& 7 & 10HA/PVA MNs & T Biig it 20
min WIYTESAEL I . AL 7 AT LUE i, 10HA/
PVA MNs 7E7] 5 min fRFFE M 52 &I BA
ML LA  BEE I A ZE K 2 15 min, JF 4R H 890 f#
ML, EKW HA/PVA MNs HA G5 AR P KE

e » M5 e B2 W SO R P A S 50 S 4
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7 10HA/PVA MNs B TIRAE#EH 20 min NAMFERETHRE

2.3 HA/PVA MNs B E45 3%

& 8 W AN [H] o & Mk F HA/PVA MNs [ 1 71
AR AR, NI AT DUE SR 4i i B8 b F 0~
0. 6 mm & Bl P}, HA/PVA MNs 45 F1-5 7% il
LRI -1 HE 2L 0 2R A 3 MR R 4R 0 75
£ 0.6 mm Bf,6HA/PVA MNs.8HA/PVA MNs.,
10HA/PVA MNs #l 14HA/PVA MNs ) JE 45 i
J153 518 0. 21.,0.32.,0. 71 N/&FF0 0. 77 N/&F, ©
AW R Rl T Z 2= 0.1 N/& R il A
1P I b 4 20 HA/PVA MNs B9 2 57 ik 25

1.0

—— 6HA/PVA MNs——— 8HA/PVA MNs
10HA/PVA MNs—— 14HA/PVA MNs

0.8 -

0.6 -

0.4+

A1 (N4

02+

OO — yrl — V| 1 | | |
0.0 0.1 0.2 0.3 0.4 0.5 0.6
48N/ mm

8 HA/PVA MNs WM F1- 5z 25 o 2%

&l 9 5 SHA/PVA MNs J 45 M3 25 1k §if 5
FLiR H, SHA/PVA MNs 32 J5 48 25 fil ifi A< W22, 15
W] PVA KT 09805 HA SR A0 6 B2 8 2] B 47 (Y
A, 3 HEIESE HA/PVA MNs H&1E 5
(R BILARC I BE o L R A A9 90 1 T I e 7 2 o £ I
JE IS AR T B R SRR

B9 SHA/PVA MNs EZMXTHEIETLLRE
2.4 HA/PVA MNs {4 B2 Bk # N &
& 10 2 HA/PVA MNs fz 530 A B8 F, A ]
10 AT LIFE 24 HA/PVA MNs J83h %8 3% Bz Jik 2
I, ZH 213 2 S T DN HE S ) it LRG3 3R
HA/PVA MNs H#& & 9% () HLAE M RE 7T A 2050k
B kA )2 BB

(2) GHA/PVAMNs  (b) 8HA/PVA MNs

(d) 14HA/PVA MNs

(¢) 10HA/PVA MNs

B 10 HA/PVA MNs BERINRF

B 11 AT E HA/PVA MNs B B2 Bk A
AR S5 5 B R 45 B R 9 HA/PVA MNs
2 R ¥ i 80%, H . SHA/PVA MNs,
10HA/PVA MNs F1 14HA/PVA MNs % #il 3 %5
5tk 5; 6HA/PVA MNs, 8HA/PVA MNs,
10HA/PVA MNs #l 14HA/PVA MNs ({4 %% %
FBCE 2 82.98.99 1 97 AR, 45HFKI HA/
PVA MNs A I ARG 2% fe 12, R 235 3 vy
1 B2 R IR

2.5 HA/PVA MNs &ll# Bz Bk £ M8

& 12 Jy HA/PVA MNs il 5z % 5 1 -,
ME AT LE AR R 5 min S5 45 kR 1)
HA/PVA MNs 9 #% F J§ 305 34 3 7 98 55 ; 20 min
Ji » HA/PVA MNs #% 1% 1945 11 4k JL-F- 9% &2 R #0146
RAS 540 min B, A5 ¥ FIR 98 59 46 iz X 3 2 2k &2

2 AR AU D EDIE R THER . R e
AT R RAAE SR . R R R, HA/

PVA MNs ZEHIIXT B2 R 380N, e b R AT



382 WU T K224 SRR

2026 4F  HE55 &

FINZE/%

R\ R\t

@Qﬁ x&zﬁ

B 11 AREBKREREH HA/PVA MNs EERRINZHIRE

S8HA/PVA MNs 6HA/PVA MNs

10HA/PVA MNs

14HA/PVA MNs

2.6 HA/PVA MNs BIZ5 4% A i e

& 13(a) A Cur £ pH=7. 4 iy PBS 2 mhiig rh
FIPRUERIZE . N 13 () IT LA R* =0. 99947, 22
Mt R® B ARARME 0. 99, & 13(b) K Cur HA/
PVA MNs 7£ PBS 2% i i 7R 41 25 Wy R s ith 4%
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48.20%, Hrh 6HA/PVA MNs (1) 25 ¥ B i fE 1
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