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Fig. 1 Schematic illustration of a PDMS membrane-regulated, multi-interface reaction—transport coupled oxygen-generating

system for sustained dissolved oxygen delivery in hypoxic wounds.

1 SCIGERSY

1.1 SEIEHFR

B R A i (PDMS,  Sylgard 184) 1
FEEFET A . BRES(CaS0,). & ILE5(CaCly).
AR (MNO,) K 30 wt% H,O, i H [ 25

£ 1L 257 A BR 2> 7] . PRONOVA® UP MVG
Hp S R I R R N (G R T R =60%) 1 355
Sigma-Aldrich A @] . 8 IR 1 16 %= (STZ) W H L
R RAEWHEARAG PRA T . I5/FEAH I A IR
# & E 75 M US Everbright A & . DMEM 1%
FRFE E I 5 Biochannel 24 ) . 5555 R 1B AW~



8 34 PSR TR R e I R 5 1) 25 T S A ST R 7 SR A AR S AR 18 B T ) 2 1701

% B2 28 22 b W (PBS) L iR i A g 3 W B & IR
Biosharp A ] .
1.2 RE-fERBEFSERZNEE

H,0, fiff W FE (1) 3 4 R FH 5 Tk il il (PEKK,
Antero 800NA)IE ik 3D 4T Bl i . 144 kAL
S E R E YRR IE S, & TR WA
H,0,, F4 BT 85 K FR B sk 2> 36 ok iy v 28 B
MAETUE, A5 St A E R EE g
FEOHEN U BROBE . M PR B Al o (9 ]
ER BB RE NS (TPU, TWSNS), HT
H,O, VM I UG v I Ja s 4h 78 . S e i
EETT O R B L PDMS 258, - mnkfE 1k,
AR O it 8 2 P 2 P 2

& Z v it 5 PDMSS 4144 33 { ] Sylgard 184
il 2%, R REA R R AR SR 5 [ 1h 4% 10/1 15
HHWRA, ROBRSHBAEMHEH . AScE kR
RAA R, M ERN RIS EaE — 2
PDMS #}5% . A0 Tl 12 5 A i = 2 [ H,0,
BB, LA A = 5 KR 2 2 TR R A
SYEUE,  $56 PDMS il 5. 7R SVSYT B A ik
A 316 N EEMM (60 H), LA SRR AR & M 40
il PR AU A 5 | RS 1 = A K . A B ==
TE JZ PDMS JE 2 [8]J& N —A~PDMS I Rk, i
HEWNIT 0.2 g R RV N . TER R
THER 22235 — AN PDMS 3K, DAFE R — N T3k
KU () 11 B B =5 . BT A5 PDMLS ZE 44 350138 FH oA [l
1L ) PDMS 1E B & AT K%, SRJ51E 60 °C
T2 h, TERRRAL.

IR BB RN R . 8 5 ) IO 1 B B
FEHMN 0.5 wt%ofin FE 45 (CaSO4) 1) £ 2 V7 .
Fr QYRR G, TEM AR TN — 2 CaSOs, 1E
N JE BETRAZ I 1) Ca2 R . B 5 1A U1 R AN E
KR ) R R AN, PN 100 mmol/L &4k
5 (CaCly) ¥ T B 2 3 BE R N 5 22 1R % . A BK
SminfG, BEREZRIEW, HRIERKERE.
1.3 KISz

RS-1 20 fd W B 58 /5 1 () A= P R i 4
HIRAF(HS: iCell-r044). RS-1 40 5 55 T &
10% fifi 2= I35 1Y) DMEM 15 77 % b . 114 Sprague-
Dawley K i (200 g)14 5 b 5t 48 R 42 5256 30 4
HARH R~ 7] . Sprague-Dawley K i 1Al 57 T T hF
SERRARIAEE T, SR 12 hoglE/12 h ARSI,
T FE ¥ I 76 (2242) °C, B JE N 40%~70%, FHik
BERRAEDRLANOK, B R BT 3 sL 581

AT B BRI R S S0 A P 1 st
(1S : USTCACUC27120125041), Ff ™ k& 1%
HELAAF5 e L% 1R SRR 5 S sh e 5 e FH V2
AT

1.4 PDMSEMITEHSEEHENK

KA A AL N T mm B Franz 3 #5057 A
A 7 #5010, 78 38 S A 45 47 v HEAT RAE
Franz ¥ it i - F 2 AN = 4L, BP B f it
PR AT R 7 2 AR, PRt 2 18] B A T R
S R )i Sl N e W s o o - i bl
Jei ] HE AR R N8 S W 1 HLO, TR, 1152
it oI 25 B K L OMNAAE 37 °C ok TN EEAT
P B TR AN B AR/ R AR R B . 4% T
(i) (5] B A\ 52 A it AR RS, R FH 18 6K L 2 o0)
HO, R FEHET & & . BRI~ A EE AR
(Tecan Infinite 200 Pro)ll i€ ¥ 7E 405 nm Ab 1T
JEFE, I SZ At A TR A B I TR AR A
1.5 F|HESEBRHITANRIE

e E TR RS K EREI =S, If
TRFF 37 °C. F i AL AR R, Unisense)
BT R R AR — M X3, &Ll E A E
W BT 1) (1) AR A
1.6 iTEE

MY TR B A P 3 S AR A R (RS A
HENL T — N YRR AR SO - BB AL RS
PR R RO R U S50, R et R
N, UBRRTHE G 44, [FIRHR A 32 B4 R
RHIE.

AT TR S AR BN
AR NI, RXH,0, I3 U A
OFFEEAT AL, T A A X i R Ak A AL
)= ) —ANME E R I. BAART B s
WMI5E H,0, 7£ PDMS H I # #iUR 2, 3743 7 H,0,
HBENEAL TR (- L e Sean g5 R
HEN AL 1 H,0, RS 7E 12 X Skt G 200 i
Pk, AR R o AL A AR AT = N e A
IR ETHFET R R

2H,0,—>2H,0+0, (1)

R E R R, A HO, HI i N 2R 5
R R AR A BOR R A — D B DU AL
PP, T AT N 0PI AR S SR AR
HE %N 3.82x1073 mol/(m?3-s).

BT AR E N IET T MnO, AR, AATE
X I P ) A i 52 B BORE HERR R BELAS . DAL, R



1702 = T

R 2026 4F

AL TR Z AT AR SAH 2 FLAY T . K FH Bruggeman
K ZR A HZ XA 2 RN RO R &R
B ATRIE, DU oty AR A 78 B 3 3500 e AL
GEVARN

SRR e R R R R -9 O R AT
WO YR IR, Pl TR S W
B

oc
+Ro,= 5 (@)

1 8/ oc 0%c

D(a( )
H, Do, (BRAL: m¥/s) X380 RS HUR
B, co, CERL: mol/md) NASIKIE, Ro,, (PFHL:
mol/(m?-s)) A I BH FEDL, 7z (BRAT -
m) 7 A A 4 Sl X FR AL A 2R R AR ) AL bR R A )
Aekrs BTN s). X T RS, B &
IR 0.

TEZMER R, SR A R A AL =,
MRS TH FEAUR AE TR 2H 2 X 4. A 4URE R
Michaelis-Menten /] /] % i id . # & Streeter 55261
NIRRFT, N T4 20 B P35 FE S R A
1.19x107" mol/(cells), Miller 2T AN#RIE, 1EH
N FLHZ A2 0 BT 4 40 B 3% FE 298 2100~4100 4>
Y0 Hf/mm?. 455X 2 NEUE, Al A AR RURE
SUE TN 2.5%x1075~4.9x1075 mol/(m?s). It ,
A T EL R a=4.9% 1075 mol/(m3-s) 1 4y 34 i 4 21
ER B RE SRR A R TR
NN

0, €0, < Cnecrosis

RmaxCo, (3)
- m, €0, Z Crecrosis
HA, Cheerosis (AL : mol/m3) N34 FE B H R &
Ko (BAA7: mol/m?)’4 Michaelis-Menten % 44 .

RIEF R, KR R A %
Po.= L )
Hr, po, (#f7: mmHg, 1 mmHg=133.3 Pa)y
AT, a0, (FAA7: mol/m3-Pa) hy 5 i AN X 35k 1)
AR REL. BT ASEAEDR R R e
ANIE], R PN S IR FH 20 T 2R 25 IR A SR )
X 3k () SR FE AN S, DALRAIE S 1 7 4 2
JEiEs:, HFREAN:
QQ,,i

K= .y )

b, Ky NI 5 X3 5T AR SRR P 1R 0 P

Ro,i=

RE VIS, SRR XI5 5
JE¥15 E N 160 mmHg, ZH 2R X 8k (4 46 48000 T
W B NS mmHg. W 4R 3 28 F TR B8 &%
5 DRSO SR AT B e . X T2 e A4
BRY, 240 St in e € 4 k. S mmHg, LA
RIEHAH LIS 80k 5 2 S B filud St n e
BT R 160 mmHg, DARAEIRAEG 255 264F; Xt
PR &R F o BRI 2 s X T 1 X3 2
Jk 5 SRl R, B R BRI SO R
fRidia, VI E RN NBEER R, PRSI
AL RNl RIA S, D
AT AR TR 58 H 3 AL SR R AR

T A #4102 7€ COMSOL Multiphysics H1 58
B MRS SRFH B B = AR, B R/ NIRRT
TE ST R i, BARREE N BKEIOR
~10.095 mm, /DN FITRST0.19 pm, KT
BRKE L, R T 0.2, BRAEXIHEEL %
VB T E ORI i SRS B2 ) TR, 2 b
JER G5 R AN 2 DX I ) ) AT AAE

F XK A ST RS R RE
FENNIFSH B TR L.
1.7 BHFEEIHEEEGTHEEHINSE

W RS-1 AP TR 20 F, FRTEIREIR
BEREE TR, H T UPAN S8R 40 Mg ) i DR A
F . SRR R A, W R B T M by B R
BN, DURHEAMRE, BEJSTE 1% (V)8 SR
4R SEEEFE 24 ho X IRA A AR A FAR A 26 N B
FAAER ISR, KR AU K B
IR IR AN . B IR A5 E, I A4 f Ah L
P It B (LDH) K~ Pl 4u M 43475, 456G /%8
Y1 GtV PAN GH TS ) . D R ER,
Bl 45 4% 4 Hh 37 4 R AN SR 400 A A A 0 B A5
1.8 #ERFEXREKOERENERNFHR

¥ 6 J % 1 ik 1 Sprague-Dawley K B, B H1
53N 3 (B4 n=4). 38 i BE i 3 G B R A T R
(STZ, 50 mg/kg) ¥ i T AT A K B2 S0 R 9
B Y BE AL IBE 7K P2 16.7 mmol/L B, 1A
BB IRR BB B ) . FERRIRRES N, T
B R BN 86 B BRI AE — A B4R 8 10 mm (1[5
W4 = VIBR AT . B8 5% ZhPIBE L5 9 3 AR T
A AT Bl KR AN S A TR A
T T A 12 K 1 9 BB AR N DU ) T A R
TEIRIT SR G, BT A 2 50K R 4 1 20 203k



8 34 PSR TR R e I R 5 1) 25 T S A ST R 7 SR A AR S AR 18 B T ) 2 1703

Table 1 The oxygen diffusion coefficients, solubility coefficients, and oxygen consumption kinetic parameters used in different

regions.
Description Symbol Value (units) Ref.
O, diffusion coefficients PDMS Do, ppms 3.25x 10 m?/s [28]
Catalyst Do, 3.6x10°m?/s [29]
Hydrogel Do, n 2.7x10° m?/s [30]
Tissue Do, 2.2x107 m?/s [31]
0, solubility coefficients PDMS @0, PDMS 7.3 x 1075 mol/(m?-Pa) [32]
Catalyst 0o, 1.13 x 10 mol/(m?-Pa) [29]
Hydrogel @o,h 9.3 x 107° mol/(m?-Pa) [30]
Tissue 00, 1.15 x 107° mol/(m?-Pa) [33]
0, consumption parameter ~ Maximum consumption rate R 4.9 x 107> mol/(m?-s) [34, 35]
Half-maximal coefficient K, 8 x 1073 mol/m? [36]
Viability threshold Cheerosis 1107 mol/m? [37]
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Fig. 2 Structural design of the multi-interface compartmentalized oxygen-generating system. (a) Schematic illustration of the
overall device; (b) Photograph of the fabricated device; (¢) Exploded view showing the multilayer architecture, including the
H,0, reservoir, PDMS diffusion membranes, catalytic chamber, and hydrogel interface; (d) 3D-printed PEKK reservoir for
H,O0, storage; (e) Schematic diagram of the PDMS curing reaction process; (f) Preparation process of the alginate hydrogel layer
via CaSOs-induced pre-crosslinking followed by CaCl, crosslinking; (g) Schematic structure of the crosslinked alginate hydrogel

network; (h) Illustration of the compartmentalized configuration highlighting the cascade transport and reaction pathways.
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Fig. 3 Diffusion-regulated transport and sustained oxygen generation. (a) Schematic of the Franz diffusion cell used to
evaluate H,O, transport across PDMS membranes; (b) Daily cumulative diffusion of H,O, (30 wt%) through PDMS membranes
with different thicknesses; (c¢) Time-dependent cumulative permeation of H,0, through a 0.5 mm PDMS membrane (mean +
SD, n=3); (d) Schematic illustration of H,O, vapor permeation through the PDMS membrane and subsequent interfacial

catalysis; (e) Schematic of dissolved oxygen measurement using an oxygen probe; (f) Time-dependent dissolved oxygen

concentration generated by the system.
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Fig. 4 COMSOL-based simulation of oxygen transport in the device and surrounding tissue. (a) Simulated oxygen distribution

in alginate hydrogel and surrounding tissue with or without the oxygen-generating device; (b) Statistical analysis of tissue

oxygen partial pressure (3 mm depth) adjacent to the device; (c) Cross-sectional oxygen distribution in hydrogel and surrounding

tissue with or without the device; (d) Simulated oxygen partial pressure in tissue as a function of distance from the hydrogel

interface under different conditions; (¢) Volume fraction of tissue with oxygen partial pressure below 5 mmHg; (f) Volume

fraction of tissue with oxygen partial pressure above 20 mmHg; (g) Volume fraction of tissue with oxygen partial pressure

above 40 mmHg.
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Fig. 5 Flux-controlled oxygenation enhances cell survival under hypoxia. (a) Schematic of in vitro hypoxic culture (1% (V/V)
0,) with dissolved oxygen supplied by the device; (b) LDH assay quantifying cell damage after 24 h (mean £+ SD, n=3).
Statistical significance was determined by one-way ANOVA with Tukey’s multiple comparisons test (*p<0.05). (c) Live/dead
fluorescence staining of RS-1 cells after 24 h under hypoxic conditions; (d) Representative optical images of scratch wound
closure at 0 and 12 h under different treatment conditions; (e) Quantitative analysis of migration rate, expressed as percentage
of wound closure (mean + SD, n=3). Statistical significance was determined by one-way ANOVA with Tukey’s multiple
comparisons test. p<0.05, **p<0.01.
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Fig. 6 Therapeutic effect of the oxygen-generating device in a diabetic wound model. (a) Schematic illustration of the experimental
timeline and treatment procedure in a streptozotocin-induced diabetic rat full-thickness wound model; (b) Representative photographs
of wound closure at days 0, 4, 8, and 12 post-injury; (c) Macroscopic progression of wound healing in different groups;
(d) Quantitative analysis of wound closure, expressed as the percentage of remaining wound area relative to the initial wound size
(mean + SD, n=4). Statistical significance was assessed by two-way ANOVA with Tukey’s multiple comparisons test ("p<0.05).
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indicating neovascularization; (d) Statistical analysis of vascular area among different groups; (e) Statistical analysis of vascular

density among different groups (mean =+ s.d., n=4). Statistical significance was assessed by one-way ANOVA with Tukey’s multiple
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Research Article

A Polydimethylsiloxane Membrane-regulated Oxygen-generating System
Based on Multi-interface Reaction—Transport Coupling for Chronic
Wound Therapy

Wei Huang!-23%, Ming-yu Chen'-?%, Jing Zang'-2, Hong-jie Gao'?, Zong-huan Ba'?,
Wen-qian Liu', Ye-zi You'?, Long-hai Wang!?3"
(!State Key Laboratory of Precision and Intelligent Chemistry, ?Department of Polymer Science and Engineering,
University of Science and Technology of China, Hefei 230026)

(3The First Affiliated Hospital of University of Science and Technology of China, Hefei 230026)

Abstract Persistent hypoxia is a critical factor limiting tissue regeneration during chronic wound healing,
highlighting the importance of developing polymer-based systems capable of controlled oxygen delivery. In this
work, we constructed a reaction-transport coupled oxygen-generating system based on multi-interface regulation
by a polydimethylsiloxane (PDMS) membrane and an alginate hydrogel. Through a multilayer structural design,
the system spatially integrated hydrogen peroxide (H,0,) storage, transmembrane diffusion, interfacial catalysis,
and oxygen transport into a hierarchical pathway, enabling coordinated control over reaction and mass transport
processes. The PDMS membrane served as a key transport-regulating interface, where membrane thickness governs
the flux of H,O,, converting its intrinsically rapid decomposition into a diffusion-controlled and stabilized reaction
process. The MnO, catalytic layer provided a solid-gas interfacial reaction environment, while the hydrogel
interface facilitated the conversion of oxygen from gaseous to dissolved form and promotes its transport into
surrounding tissue. Experimental results demonstrated that the system enabled sustained and stable dissolved
oxygen output, significantly improving cell viability under hypoxic conditions. In a diabetic wound model, the
system markedly accelerated wound healing, accompanied by enhanced collagen deposition and neovascularization.
This work reveals a materials design strategy based on multi-interface coordination of reaction and transport
processes, providing new insights into the development of functional polymer systems for hypoxia-related diseases.
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