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a b s t r a c t

Natural material-based hydrogels have emerged as ideal candidates for serving as infected wound dress-

ings relying on the extracellular matrix-like microstructure, biocompatibility and the supplying of the wet

healing microenvironment. Nevertheless, these hydrogels suffer from limitations including the weak me-

chanical property, poor water retention ability and inadequate antibacterial property. Herein, we develop

a stratum corneum-inspired all-natural-based biogel dressing by directly incorporating natural moisturiz-

ing factor (NMF) into gelatin/chitosan quaternary ammonium salt (QCS) hydrogels without necessitating

any chemical modification. The sodium pyrrolidone carboxylic acid (PCA-Na, an NMF compound) equip-

ping carboxyl groups forms the ionic crosslink with gelatin containing protonated amino groups and

QCS involving quaternary ammonium groups by electrostatic interaction, leading to a significant melio-

ration in the mechanical strength of the biogel. The highly hydrophilic PCA-Na contributes to form addi-

tional hydrogen bonds and heighten resistance to dehydration of the biogel, mimicking the role of NMF

in the stratum corneum. The excellent broad-spectrum antibacterial property, temperature-controlled

reversible fluid-gel transition property and complete degradability are also gathered. A Staphylococcus

aureus-infected full-thickness wound repair experiment manifests that our biogel effectively promotes in-

fected wound healing by inhibiting inflammatory factors, facilitating formation of the granulation tissue

and angiogenesis. This work paves a valuable way for designing multifunctional natural material-based

hydrogel dressings.

© 2026 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

The skin is the most susceptible organ of the human body

for the appearance of wounds that generate an open portal be-

tween interior tissues/organs and the external environment [1–3].

Exposed skin wounds provide a warm and humid microenviron-

ment for bacterial colonization and proliferation, resulting in the
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occurrence of bacterial infection that severely impedes the healing

trajectory [4–6]. Infected wounds are trapped in the inflammatory

phase for a long time, hampering the proliferative and remodeling

phases of wound healing and causing delayed or even incapable

wound healing [7,8]. Clinical treatments of infected wounds com-

monly employ wound dressings including cotton, gauze and ban-

dages to provide a dry healing environment, but the repair of in-

fected wounds is seriously restricted owing to the absence of the

antibacterial ability [9,10]. Antibiotic administration is an effective

clinical therapy for healing infected wounds, but carries a high risk

of antibiotic resistance [11,12].
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Natural material-based hydrogel dressings composed of gelatin,

chitosan, alginate, etc. emerge as highly competitive candidates for

promoting infected wound healing, due to the extracellular matrix

(ECM)-like microstructure, biocompatibility, an optimal wet heal-

ing microenvironment and biodegradation [13–15]. The improve-

ment of the antibacterial property of natural-based hydrogel dress-

ings was already achieved by introducing quaternary ammonium,

N-hal-amine and phenols, etc. [16,17]. Unluckily, poor mechanical

properties make natural polymeric hydrogels vulnerable to exter-

nal forces or the body movement, causing the structural damage

and compromission of the therapeutic efficiency [18,19]. Besides, a

poor water retention capacity of natural-based hydrogels generally

results in the reduction of flexibility and functionality, shortening

the service time as wound dressings [20–22]. A myriad of efforts

have been devoted to addressing these challenges, including in-

troducing chemically crosslinked networks or nano-fibers/fillers to

enhance mechanical properties, and incorporating glycerol or high-

density hygroscopic salts to meliorate the water retention ability

[23]. Nevertheless, these strategies suffer from the production of

a toxic effect, complex preparation process, and the difficulty in

concurrent improvement of mechanical and water retention prop-

erties.

The stratum corneum, the outermost layer of the skin, contains

the natural moisturizing factor (NMF) to maintain moisture in the

skin [24]. NMF encapsulated in the corneocytes is a mixture of

water-soluble compounds. And it is indispensable for ameliorating

the mechanical extensibility of the stratum corneum and prevent-

ing excessive water loss from the skin [25]. In this work, we engi-

neered a stratum corneum-inspired all-natural-based biogel dress-

ing integrating high mechanical strength and elongation, excellent

water retention capacity and broad-spectrum antibacterial features

for treating infected wounds. Sodium pyrrolidone carboxylic acid

(PCA-Na) was selected as NMF and formed the ionic crosslink with

gelatin and chitosan quaternary ammonium salt (QCS), significantly

improving the mechanical strength and elongation of the biogel.

The water retention capacity of the biogel was synchronously me-

liorated surpassing the pure gelatin/QCS hydrogel, ascribed to the

formation of abundant hydrogen bonds between PCA-Na and wa-

ter molecules. The high antibacterial efficiency against Staphylococ-

cus aureus (S. aureus) and Escherichia coli (E. coli) accompanied by a

favorable biocompatibility and injectability was also substantiated.

In vivo evaluation based on a rat infected wound model further

demonstrated that our biogel effectively promoted wound healing.

The current work provides an appealing and effective prototype for

fabricating advanced infected wound dressings.

Fig. 1a illustrates the schematic fabrication process for the bio-

gel. Stratum corneum contains NMF with a low vapor pressure

that exhibiting a promising potential in replacing water under dry

conditions and mitigating dehydration-caused changes in the lipid

and protein compositions of the skin. Furthermore, NMF is able

to improve extensibility and elasticity of the stratum corneum

by engaging the ionic interaction. To modulate properties of the

biogel, PCA-Na, a major component of NMF, was selected as the

crosslinker to add into the QCS/gelatin solution at a high tempera-

ture. The gelatin/QCS/PCA-Na (called as GQSP) solution undergoes

the change from fluid to gel to obtain the GQSP biogel by simply

cooling to 37 °C (Fig. 1b). It is worth noting that the gel-to-fluid

state transition of the GQSP biogel occurs when the temperature

returns to 50 °C, indicating the reversible preparation of the bio-

gel [26,27]. It is ascribed to the thermo-reversible phase transition

characteristic of gelatin, whose chain structures transform between

random coils and triple helices. The temperature-dependent phase

transition property endows the GQSP biogel with the capacity for

in situ gelation. Figs. 1c–e show that the fluidic GQSP biogel cov-

ering the seashell and leaf spontaneously converts to a gel state

and replicates the surface texture with complex microscopic cur-

Fig. 1. Construction of the GQSP biogel and conformal contact with surfaces with

complex shapes. (a) Schematic illustration of the preparation process of the GQSP

biogel. (b) The reversible sol-gel transition of the biogel through altering the tem-

perature. (c–e) Photographs of the biogel after in situ gelation.

vatures. The excellent in situ gelation property is also manifested

by the well-preserved morphology of the pig skin on the surface

of the GQSP biogel.

Microstructural observation displays that the average pore size

of the GQSP biogel embedded PCA-Na is notably smaller than the

pure QCS/gelatin (GQSP0) hydrogel, indicative of enhancement of

the cross-link density (Fig. 2a). Compared with the GQSP0 biogel,

an evident decrease in the carbon (C) element and a synchronous

increase in the oxygen (O) and sodium (Na) elements are percepti-

ble for the GQSP biogel with the additive PCA-Na. This decreasing

trend of the C element is more pronounced with the enhancement

of the PCA-Na content. Furthermore, the homogeneous distribution

of the Na element indicates the uniformity of PCA-Na. XPS analysis

was conducted to further investigate components of the GQSP bio-

gel. Additional characteristic peaks of Na appear in the XPS spec-

trum of the GQSP60 biogel compared to the GQSP0 biogel (Fig. 2b).

The C 1s spectrum of the GQSP biogel is deconvoluted into three

peaks assigned to the C1 (C–H/C–C), C2 (C–N/C–O/C=N), and C3

(C=O) peaks. The markedly increasing peak area of the C2 peak

for the GQSP60 biogel in comparison to the GQSP0 biogel reveals

the incorporation of PCA-Na (Figs. 2c and d).

The healing of the GQSP60 biogel is readily achieved through

localized melting around a crack using a heat source (Fig. 2e).

Upon exposure to the heat source, the biogel edges near the

crack are heated and transformed into a fluidic state owing to the

temperature-controlled phase transition property of the biogel. The

localized liquefaction process efficiently promotes the healing of

cracks of the biogel. The special healing mechanism provides an

attractive structural foundation for simply and rapidly healing the

damaged GQSP biogel serving as a wound dressing by localized

heat sources (e.g., infrared light). The GQSP precursor solution is

able to be extruded from a syringe with a needle to acquire the

biogel fiber and “write” word of SCU under the high temperature.

Such exceptional injectability allows the biogel to directly fill de-

sired wounds with diverse shapes and assure a perfect fit with

the target region. Intricately shaped biogels including the heart and

star are accurately obtained by transferring the GQSP precursor so-

lution into moulds and subsequent cooling (Fig. 2f).
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Fig. 2. Microstructure, component analysis, healing and injectability of the GQSP

biogel. (a) SEM images and EDS elemental mapping of the biogel. (b) The XPS spec-

tra of the GQSP0 and GQSP60 biogels. The high-resolution C 1s XPS spectra of (c)

the GQSP0 and (d) GQSP60 biogels. (e) Photos of healing of the GQSP60 biogel by

localized heating. (f) The biogel fiber and word obtained by injecting the GQSP60

solution and photos of the biogel constructs.

The robust mechanical property is momentous for hydrogel

dressings to avoid destruction of the structural integrity when ex-

posed to exterior damage. A notable improvement of the mechan-

ical property is visible with the escalating PCA-Na concentration

(Fig. 3a). Especially, the tensile strength and elongation at break of

the GQSP60 hydrogel are 104.6 kPa and 244.5%, 280% and 235%

higher than them of the GQSP0 biogel respectively (Fig. 3b). Sim-

ilar trend is observed in the elastic modulus of the GQSP60 bio-

gel (Fig. S1 in Supporting information). To disclose the underly-

ing mechanism of the ameliorative mechanical property, the rhe-

ological feature of the GQSP biogel with respect to varied tem-

peratures was investigated. After introducing PCA-Na, the com-

plex viscosity of the GQSP60 biogel significantly increases com-

pared with the GQSP0 biogel (Fig. 3c). The apparent incremental

tendency is perceived in the storage modulus (G′) and loss modu-

lus (G′′) of the GQSP60 biogel during the cooling process (Fig. 3d).

The relevant tanδ (G′′/G′) values indicate that the transition tem-

perature from viscous liquid to viscoelastic gel rises from 36.6 °C
for the GQSP0 biogel to 39.1 °C for the GQSP60 biogel (Fig. 3e).

The changed rheological behavior is attributed that the thermal-

responsive phase transition results from the adjustment of physical

crosslinks in the GQSP biogel across varied temperature regimes.

The augmentation of the fluid-gel transition temperature is bound

up with the increasing cross-link density of the GQSP60 biogel.

The densely packed hydrogel network with intensified crosslink-

ing density of the GQSP biogel effectively transfers and dissipates

the tensile stress to achieve the melioration of mechanical strength

and elongation.

The interaction between PCA-Na and the matrix of the GQSP

biogel determines the cross-linked hydrogel network. Fig. 3f

presents that the Amide I and Amide II bands display a discernible

redshift with the incorporation of PCA-Na in the Fourier transform

infrared spectroscopy (FTIR) spectra of the GQSP biogel. The char-

acteristic peaks at 1631 cm−1 (Amide I) and 1541 cm−1 (Amide II)

for the GQSP0 biogel shift to 1633 and 1543 cm−1 for the GQSP60

biogel, respectively. This redshift demonstrates the formation of

strong electrostatic attraction between the negatively charged car-

boxyl groups in PCA-Na and the positively charged amide groups

in gelatin as well as quaternary ammonium groups in QCS. The

Amide A band at 3296 cm−1 for the GQSP0 biogel shifts to a lower

wavenumber of 3284 cm−1 for the GQSP60 biogel, indicative of en-

hanced numbers of hydrogen bonds induced by the introduction

of PCA-Na [28]. Further evidence was accessed by Raman spectra.

The GQSP60 biogel displays a distinct peak associated with C–O

stretching, owing to the addition of carboxyl groups from PCA-Na

(Fig. 3g). The Amide I absorption peak presents a slight blueshift,

indicating the formation of intermolecular interactions between

PCA-Na and the gelatin as well as QCS. The Amide A peak assigned

to N–H and O–H stretching of the GQSP60 biogel shifts to higher

wavenumbers compared with the GQSP0 biogel, suggesting the in-

crease of hydrogen bonds [29]. Additionally, water confined within

the densified hydrogel network of the GQSP60 biogel exhibits a

conspicuous reduction of the thawing temperature (−2.7 °C), com-

pared with the GQSP0 biogel with the sparse hydrogel network

(1.1 °C) (Fig. 3h), further supporting the aforementioned findings.

The schematic diagram illustrating the intermolecular interac-

tions in the GQSP biogel is shown in Fig. 3i. The amino groups

of gelatin and QCS are protonated and yield NH3+ entities. These

NH3+ groups and the quaternary ammonium group of QCS partic-

ipate in the electrostatic attractions with the carboxyl groups of

PCA-Na, forming the ionic crosslink network. The hydrophilic car-

boxyl groups of PCA-Na contribute to forming abundant hydrogel

bonds with free water molecules, inhibiting the dehydration and

imparting the GQSP biogel with the excellent water retention abil-

ity. The GQSP biogel suffers from dehydration and the weight loss

until reaching an equilibrium state, when storing under the ambi-

ent conditions (Fig. 3j). The incorporation of PCA-Na prominently

reduces the dehydration-related weight loss of the GQSP biogel.

For instance, the water retention ratio of the GQSP60 biogel is up

to 40%, 45% higher than that of the GQSP0 biogel. The excellent

water retention ability is conductive to the long-term application

of the GQSP biogel as a wound dressing.

To highlight the superiority of the GQSP biogel, different

QCS/gelatin hydrogels embedded other additives were prepared

and compared (Fig. 3k and Fig. S2 in Supporting information). The

incorporation of glycerol, a commonly utilized additive for improv-

ing the water retention ratio of hydrogels, into the QCS/gelatin hy-

drogel ameliorates the water retention ability but diminishes ten-

sile strength [30]. The introduction of sodium citrate, a widely em-

ployed additive to enhance the mechanical strength of gelatin hy-

drogels, into the QCS/gelatin hydrogel leads to the improved ten-

sile strength but compromised water retention capability [31]. In

stark contrast, the addition of PCA-Na into the QCS/gelatin hy-

drogel achieves concurrent melioration in both the water reten-

tion capacity and mechanical strength. We propose that introduc-

ing NMF compounds with carboxyl groups and free mobile ions is

a universal strategy to optimize the mechanical property and wa-

ter retention capacity of the biogel by amino-anion cross-linking.

To demonstrate this hypothesis, sodium lactate was selected as an-

other representative NMF additive for the biogel (named as GQSS)

preparation. The resultant GQSS biogel also exhibits the enhanced

tensile strength and water retention ability analogous to the GQSP

biogel (Figs. S3 and S4 in Supporting information). These findings

manifest that NMF compounds including PCA-Na and sodium lac-

tate that possessing carboxyl groups and movable ions are excep-

tional additives for preparing natural biogel with desired function-

alities.
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Fig. 3. The mechanical property, water retention capacity, rheology and the component interaction of the GQSP biogel. (a) The stress-strain curves, (b) tensile strength and

elongation of the GQSP biogel as a function of the PCA-Na content. The (c) complex viscosity, (d) storage modulus (G’) and loss modulus (G”) as well as (e) tanδ of the GQSP0

and GQSP60 biogels. (f) FTIR spectra, (g) DSC curves and (h) Raman spectra of the GQSP0 and GQSP60 biogels. (i) Schematic diagram of the interaction between PCA-Na

and gelation and QCS chains. (j) The dehydration process of the GQSP biogel. (k) Comparison of the water retention ratio and tensile strength of hydrogels with different

additives. Data are presented as mean ± standard deviation (SD) (n=5).

Biocompatibility is a crucial precondition for bioactive hydro-

gels in clinical wound dressing applications [32,33]. The cytocom-

patibility of the GQSP biogel was assessed using L929 fibroblasts.

The live/dead cell staining shows that the majority of L929 cells

with a spindle-like morphology are stained in green (live cells) and

almost no perceptible cells are stained in red (dead cells), after co-

culturing with the biogel extract for 3 days (Fig. 4a). The quan-

titative cell viability of the GQSP biogel always exceeds 110% af-

ter 1, 2 and 3 days of incubation with L929 cells (Fig. 4b). In vitro

hemolysis test manifests that the hemolysis rate of the GQSP biogel

is around 2%, meeting the international standard of biomaterials

(<5%) (Fig. 4c). The excellent cytocompatibility and blood compat-

ibility guarantee the biosafety of the GQSP biogel serving as wound

dressings. Fibroblast migration is an initial and critical demand for

ECM reconstruction during wound healing [34,35]. The cell scratch

test indicates that the GQSP biogel effectively promotes L929 cell

migration compared with the control group (Fig. 4d). Noteworthily,

the GQSP60 biogel exhibits the highest cell migration-promoting

ability. After co-culturing with L929 cells for 48h, the unhealed

relative scratch area of the GQSP60 biogel is only 3.5 %, much lower

than that of the GQSP0 (10.4%) and control (100%) groups (Fig. 4e).

The evaluation of antibacterial property of the GQSP biogel in

vitro is shown in Figs. 4f and g. E. coli and S. aureus are se-

lected as the representatives of Gram-negative and Gram- posi-

tive bacteria, respectively. The visible colony formation units of E.

coli and S. aureus are substantially reduced after contacting with

the GQSP60 biogel for 6 h in contrast to the control group. De-

tailedly, the GQSP60 biogel displays a superior antibacterial ratio of

99.98% against E. coli and 99.96% against S. aureus, supported by

the live/dead staining assay of bacteria. The positively charged qua-

ternary ammonium groups of QCS interact negatively charged bac-

teria by the electrostatic force leading to cell lysis and death [36–

38]. On the other hand, the quaternary ammonium groups of QCS

contribute to changing the permeability of the bacterial cell wall

and decreasing the normal flow of critical nutrients into the cell to

kill bacteria. The degradation experiment shows that the volume

of the GQSP60 biogel continuously decreases with the degradation

time at 37 °C and it is disintegrated into the constituent building

blocks within 5h (Fig. S5 in Supporting information).

A S. aureus-infected full-thickness skin wound model was estab-

lished in Sprague-Dawley rats to assess the efficacy of the GQSP

biogel in promoting infected wound healing (Fig. 5a). All animal

experiments were conducted with the approval of the Institutional

Animal Care and Use Committee (IACUC) of Sichuan University (ap-

proval No. SCU46–2312–02). Model rats were stochastically divided

into three groups, receiving treatments with nothing (the control

group), the Tegaderm film (the 3M group) and the GQSP60 biogel

(the GQSP60 group). After 3 days of treatment, infected wounds

still present obvious yellow pus secretion and certain closure for

the control and 3M groups. By contrast, the GQSP60-treated wound

exhibits apparent contraction and no pus is observed (Fig. 5b). The

outstanding antibacterial activity of the GQSP60 biogel facilitates

the infection clearance and the transformation from the inflamma-

tory stage to the proliferation stage in wound healing. After treat-

ing with the GQSP60 biogel for 7 days, the unhealing wound area

ratio is only 3.8 %, much lower than that for the control (34.2%)

and 3M (14.4%) groups. On day 14, the wound in the GQSP60

group is almost completely healed, different from the visually open
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Fig. 4. Biocompatibility, cell migration and antibacterial property of the GQSP bio-

gel in vitro. (a) The live/dead staining and (b) cell viability of L929 cells after in-

cubation in the biogel leachate. Scale bar: 100μm. (c) Hemolysis ratio of the GQSP

biogel. The (d) images and (e) quantitative wound area of cell migration after being

treated with the GQSP biogel. The representative photos, live/dead staining images

and antibacterial ratio of (f) E. coli and (g) S. aureus. Scale bar: 20μm. Error bar

represents ± SD (n=5). ∗∗∗∗P<0.0001. ns, no significance.

Fig. 5. In vivo evaluation of the GQSP60 biogel for S. aureus-infected wound heal-

ing. (a) Schematic diagram of the experimental procedure. (b) Representative pho-

tographs of the wound area after different treat time. (c) Diagram of the wound

healing process. (d) Wound area ratios at different time in each group. Error bar

represents ± SD (n=3). ∗∗P<0.01, ∗∗∗P<0.001.

Fig. 6. Histological evaluation of skin wounds after the GQSP60 biogel treatment.

(a) H&E staining and (b) Masson trichrome staining of wound tissues on day 7, 14.

(c) The thickness of the granulation tissue on day 7, 14. The quantitative analysis

of (d) the wound scar width and (e) the epidermal thickness on day 14. Error bar

represents ± SD (n=3). ∗∗P<0.01, ∗∗∗P<0.001.

wounds for the control and 3M groups, supported by the diagram

of varied wound tracings (Fig. 5c). The GQSP60 group possesses the

minimum residual wound area ratio of 0.5 %, compared with the

control and 3M groups (Fig. 5d). These results highlight that the

GQSP60 biogel significantly accelerates infectious wound healing.

Histopathological analysis was performed on wound tissue sec-

tions by hematoxylin and eosin (H&E) and Masson staining to as-

sess tissue regeneration on the infected wound bed (Figs. 6a and

b). Apparently, the GQSP60 biogel significantly promotes the for-

mation of the granulation tissue with the thickness of 1.25mm af-

ter 14 days of treatment. The control and 3M groups have a de-

ficient promoting effect for generating granulation tissues and the

corresponding thickness is only 0.85 and 1.00mm on day 14 (Fig.

6c). The width of the wound scar reflects the reconstruction effi-

ciency of damaged tissues. The GQSP60 group exhibits the lowest

scar width of 1.41mm, compared with the control (3.09mm) and

3M (2.52mm) groups on day 14 (Fig. 6d). Masson staining con-

firms that the high epidermal integrity and continuity is perceived

in the GQSP60 group. The quantitative epidermal thickness for the

GQSP60-treated wound is 62.6μm, 65% and 50% lower than that

for the control and 3M groups (Fig. 6e). Besides, almost intact re-

epithelialization and different skin appendages (like hair follicles)

are visible in the GQSP60 group. These findings confirm the excel-

lent therapeutic efficacy of the GQSP60 biogel for infected wounds.

The imbalance of inflammatory cytokines is the important fac-

tor for impeding infected wound healing. Interleukin-6 (IL-6) is

a typical pro-inflammatory cytokine and one of the most criti-

cal markers reflecting the degree of inflammation at the wound

site [39]. Immunofluorescence staining shows that the relative ex-

pression of IL-6 for the GQSP60 group (38.9%) is substantially de-

creased compared to the control (100%) and 3M (81.1%) groups

(Figs. 7a and b). The remarkable bactericidal activity of the GQSP60

biogel efficiently removes bacterial infection and suppresses in-

flammation. Neovascularization provides oxygen and nutrients to

the cells in the skin tissue and plays a critical role in wound re-

pair [40]. Cluster differentiation 31 (CD31) and vascular endothe-

lial growth factor (VEGF) are typical angiogenesis markers to as-

sess regeneration of new blood vessels [41]. The relative expres-

sion of CD31 is prominently higher in wound tissue sections in the

GQSP60 group (178%) than in the control (100%) and 3M (114%)

5
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Fig. 7. Immunofluorescence analysis of the wound tissues after different treatments. (a) Photos with immunofluorescence staining of IL-6 (red), CD31 (green), and VEGF

(red) in each group on day 14. The relative expression of (b) IL-6, (c) CD31 and (d) VEGF analyzed using ImageJ, respectively. Error bar represents ± SD (n=3). ∗∗P<0.01,
∗∗∗P<0.001. DAPI, 4′ ,6-diamidino-2-phenylindole.

groups on day 14 (Fig. 7c). Similarly, the GQSP60 biogel effectively

promotes the relative expression of VEGF (222%), much higher

than the control (100%) and 3M (126%) groups (Fig. 7d). Taken to-

gether, the GQSP60 biogel significantly reduces the inflammatory

response and promote angiogenesis to accelerate wound closure.

In summary, we fabricated a stratum corneum-inspired all-

natural-based biogel dressing for infected wound healing. PCA-Na

was introduced and formed ionic crosslink with gelatin and QCS

by virtue of electrostatic interaction. Furthermore, hydrophilic car-

boxyl groups of PCA-Na contributed to form additional hydrogen

bonds with water molecules. The resultant biogel exhibited im-

proved mechanical strength and elongation and water retention

ability compared to the pure gelatin/QCS hydrogel. The remarkable

antibacterial property against E. coli and S. aureus, temperature-

controlled reversible phase transition property and degradability

were also demonstrated. In vivo rat model indicated that the bio-

gel significantly accelerated infected wound healing by reducing

inflammation, expediting the formation of granulation tissue and

vascularization. Our work offers a paradigmatic means to prepare

high-performance natural material-based hydrogel dressings for in-

fected wound healing.
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