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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.
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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 (meantSD, 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 (meantSD, n=3). Statistical significance was determined by one-way ANOVA with Tukey’s multiple
comparisons test. p<0.05, **p<0.01.



10 [T N R 4

(2)
Day 0
/j%iabetic model  Wound creation Tissue harvest for
- induction histological analysis
© Day 0 Day4 Day38 Day 12 (d) = Control
_ - — - 150 f o Hydrogel
g - » Device
S &
§ 3 :
100 F = =

- 5
2 E -
3 o 1
E = 50r a *

- a *
8 ﬁﬁ*”
% 0 = &
a 0 4 8 12

Time (day)

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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Fig.7 Histological and immunofluorescence evaluation of wound healing quality. (a) H&E staining of wound tissue after
12 days of treatment; (b) Masson’s trichrome staining showing collagen deposition; (¢) CD31 immunofluorescence staining
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
comparisons test. p<0.05, *p<0.01, **p<0.001, ***p<0.0001.
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A Polydimethylsiloxane Membrane-regulated Oxygen-generating System

Based on Multi-interface Reaction—Transport Coupling for Chronic
Wound Therapy
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University of Science and Technology of China, Hefei 230026)
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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,0O,) 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

PDMS membrane
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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.
Keywords Polydimethylsiloxane; Hydrogel dressing; Dissolved oxygen; Chronic wound



