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Wound healing has been a great challenge throughout human history. Improper treatment for wounds is so easy to lead to infection and a series of serious symptoms, even death. Because of the ability of absorbing fluid and keeping a moist environment, the hydrogel with 3D networks is ideal candidate for wound dressing. More important, it has good biocompatibility. However, most of the hydrogel dressings reported have weak mechanical properties and adhesion properties, which greatly limit their clinical application. Herein, a tough adhesive hydrogel with good mechanical stability for non-invasive wound repair is reported. The hydrogel is composed of polyethylene glycol dimethacrylate (PEGDA), chitosan (CS) and chitin nano-whisker (CW). PEGDA and CS form interpenetrating network hydrogel through free radical polymerization reaction under the UV light. The introduction of CW further enhances the toughness of the hydrogel. The pH-sensitive CS can form adhesion to various materials through topological adhesion. As a wound closure repair material, PEGDA/CS/CW hydrogel not only has the characteristic of effectively closing the wound, defending against invading bacteria, and keeping the wound clean, but also has good tensile and mechanical stability, which is expected to realize the closure and repair of joints and other moving parts of the wound. This adhesive hydrogel is proven a promising material for wound closure repair.
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1 INTRODUCTION
Skin is the most important organ covering the surface of the human body and contacts with the external environment in direct. And it is an important barrier to protecting the body from the external environment. It also has functions such as feeling external stimuli, regulating body temperature, preventing water loss in the body and protecting the body from external injuries (Montagna, 2012; Vig et al., 2017; Dąbrowska et al., 2018; Liang et al., 2021). But every year, even every day, tens of thousands of people suffer intentional (surgery) or unintentional (burns or cuts) damage to skin tissue. Wound tissue healing is a dynamic and complex process, which is one of the human body’s most complex biological processes. Improper treatment of wounds leads to increasing healing time and a higher risk of infection (Gonzalez et al., 2016; Du et al., 2019; Du et al., 2020; Liu et al., 2023). There are various types of wound dressings constantly being researched and developed that can make wounds heal faster and more effectively. As we known, the traditional wound dressings (gauze and cotton) are often used in clinical treatment, but these dressings are so poorly self-adhesive that need to be fixed with external objects. Moreover, it is easy to accumulate exudate or blood and stick to the wound tissue, that causes secondary bleeding and pain during dressing change (Dhivya et al., 2015; Li et al., 2019). In recent years, several new dressings such as film (Chang et al., 2022; Pitpisutkul and Prachayawarakorn, 2022), foam (Patil et al., 2022), hydrogel (Liang et al., 2021; Zeng et al., 2022) and hydrocolloid dressings (Phillips et al., 1994; Kong et al., 2020) have attracted increasing attention, because these new dressings can provide a moist, antibacterial healing environment and actively promote the wound healing process (Zhang et al., 2020). Among them, hydrogel dressing shows outstanding advantages in the field of wound dressing due to its excellent biochemical and mechanical properties (Liang et al., 2021).
Hydrogel with adhesive properties have a great biomedical application prospect. So far, there is no shortage of experts and scholars to develop a series of adhesive hydrogel for wound repair, to make up for the shortcomings of needle and thread suture and traditional dressing (Hu et al., 2019; Yang et al., 2021). Cyanoacrylate is a strong adhesive material but cytotoxic after adhering and hardening the interface of materials (Vakalopoulos et al., 2015). Fibrin and polyethylene glycol gels are flexible, but them have weak adhesion strength (Annabi et al., 2015). Hugo Schiff proposed the reaction between the aldehyde or ketone group and amino group to produce an imine bond, which has been widely used in the preparation of adhesive hydrogel (Xu et al., 2019). Aldehyde hydrogel has mild reaction conditions and it forms rapid adhesion to tissues. However, it usually exhibits weak interface toughness, leading to limited applications (García and Smulders, 2016). The ideal wound dressing should be safe, tough, simple to prepare. Moreover, it should have good adhesion to fully fit the wound. Chitosan is a macromolecule with fine biosafety widely used in bioengineering (Kim et al., 2008; Sahariah and Másson, 2017; Minh et al., 2019). Chitosan has properties that accelerate wound healing, making it a prime candidate for possible control of skin-associated infections (Costa et al., 2018). In addition, the amine group on chitosan has a special reaction with the change of environmental pH value (Okuyama et al., 1997; Ladet et al., 2008). Thus, Suo et al. introduced a molecular suture material method (topological adhesion) due to chitosan’s pH-sensitive performance (Yang et al., 2018). Topological adhesion opens up a new area of development, enhancing the strength of adhesion between materials while maintaining the softness of materials.
In order to make up for the traditional wound closure methods such as suture and wound closure device easy to bring secondary injury to the wound, a tough and mechanically stable adhesive hydrogel for non-invasive wound repair was constructed in this study, which could be applied to close and repair skin wounds (Figure 1). Polyethylene glycol dimethacrylate (PEGDA) hydrogel has outstanding mechanical stability, and the topological adhesion enables hydrogels to form strong adhesion to tissues without any chemical reaction with tissues. Chitosan (CS) and chitin whiskers (CW) enhance the toughness of hydrogel through molecular entanglement and hydrogen bonding. In addition, CS can freely diffuse and permeate through tissue interfaces and tightly adhere to surfaces of various materials including tissues. Topological entanglement and ion chelation contribute to improve the adhesive property. The hydrogel has excellent flexibility and toughness, can prevent bacterial infection, absorb tissue effusion and promote wound healing. Therefore, it has particular potential as a wound dressing in wound healing.
[image: Figure 1]FIGURE 1 | Structure scheme of the adhesive and elastic hydrogel for wound closure.
2 EXPERIMENTAL METHODS
2.1 Materials
The CS (Mw = 100,000 Da) was purchased from Macklin Biochemical Co. Ltd. (Shanghai, China). According to our previously reported protocols (Hu et al., 2018; Huang et al., 2019), the polyethylene glycol and acryloyl chloride were combined in anhydrous dichloromethane solvent under nitrogen atmosphere to create the PEGDA (Mn = 6,000 Da). Chitin (Ch, the degree of acetylation is 90%) was obtained from Shanghai Maclin Biochemical Technology Co. Ltd. Lithiumphenyl-2, 4, 6-trimethyl-benzoylphosphinate (LAP, the purity is 97%) was provided by Shanghai Bide Medical Technology Co. Ltd. The rest of the chemical reagents were all of analytical quality and were employed right away.
2.2 Preparation of chitin nano-whisker (CW)
The preparation steps of CW are as follows: 20 g of chitin powder were weighed in an electronic balance and placed in a dry three-way flask. Then, the concentrated hydrochloric acid (HCl) was diluted to 3 mol/L with deionized water. 75 mL 3 mol/L HCl was added into the bottle containing chitin powder. The mixed solution was stirred at 95°C for 150 min under N2 atmosphere. The heating was stopped at the end of the reaction. When the suspension in the three-way flask cooled naturally to room temperature, it was put into a 50 mL centrifuge tube and centrifuged at a speed of 5,000 r/min. Left a precipitate from the solution to remove the supernatant. The precipitation was suspended in deionized water, dispersed by ultrasonic, and centrifuged. The washing process was repeated many times until the supernatant was neutral after centrifugation. The precipitation after centrifugal washing was suspended in deionized water and then frozen in a −80°C refrigerator for 24 h. After 24 h, the precipitation was transferred to a freeze dryer for 24 h. Finally, the powder was grounded in a mortar to obtain CW powder, which was packed into a sample bag and stored in a drying cabinet.
2.3 Preparation of hydrogel
The hydrogel in this study was produced by free radical polymerization initiated by UV light. Firstly, a certain mass of CS was weighed with an analytical balance, and then dissolved in an acetic acid solution with a volume ratio of 1%. Finally, the CS solution with a mass volume ratio of 2% was prepared. Taken 10 mL of the prepared CS solution above into the centrifuge tube. Then 1.5 g PEGDA powder, 0.5 g CW powder and 0.025 g LAP powder were added, respectively. Followed by ultrasound for 20 min. When PEGDA and LAP powder were fully dissolved and the CW was evenly dispersed, the prepolymer solution was obtained. Finally, the prepolymer solution was poured into the silicone mold. The PEGDA/CS/CW hydrogel was obtained after being exposed to the ultraviolet crosslinker (365 nm, 50 mW/cm2) for 3 min. The synthesis methods of PEGDA hydrogel and PEGDA/CS hydrogel followed the similar procedure.
2.4 Fourier transform infrared spectrometer (FTIR) analysis
FTIR spectra was measured on the FTIR spectrometer (Nirolet, America, 6,700) at 25°C with the wave number of 500–4,000 cm−1.
2.5 X-ray diffraction (XRD) analysis and morphology observation
XRD (Shimadzu Corporation, Japan, XRD-6100) was used to examine the crystal structures of the Ch and CW by the Cu Ka target, voltage 40 kV, current 30 mA, scan range 2θ = 5°–60°, and scan rate 10°/min.
Transmission electron microscope (TEM, Rigaku Corporation, Japan, Philips TECNAI 10) was used to examine the morphology of CW by the voltage 40 kV. CW powder was dispersed in 50% ethanol, which the concentration was 0.01 wt%. After ultrasonic treatment for 20 min, a small drop of sample solution was suctioned by a pipette or dropper into a 200-mesh copper net, which was placed on filter paper for natural air drying. After drying completely, TEM was used to observe its morphology. The CW length in TEM images was measured by ImageJ software.
2.6 Swelling characteristics
The swelling properties of the hydrogel crosslinked by ultraviolet light were measured at 37°C, which was submerged in phosphate buffered saline (PBS, 0.1 M) with a pH of 7.4. Before performing the swelling test, the initial weight (Wi) of hydrogel was noted. In the process of testing, the solution on the surface was periodically removed using filter paper and weighed (Wt). The swelling ratio (SR) of the samples were calculated by Eq. 1 (Huang et al., 2019).
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2.7 Adhesion tests
Lap shear tests were used to assess the hydrogel’ adhesive properties. The rectangular porcine skins (60 × 30 mm) were sandwiched between the cuboid hydrogel samples (20 × 15 × 1.5 mm). The stretch separation test was performed after 2 min of gentle pressure with the finger. At a constant tensile speed of 2 mm/min, all experiments were conducted. The greatest load divided by the bond area was used to compute adhesion strength [13, 17, and 28].
2.8 Mechanical tests
A universal testing device was used for the mechanical tests (Shimadzu Corporation, Japan, AG-I, 100 N sensor).
The mechanical characteristics of the hydrogel were assessed using compression and tensile tests. The hydrogel samples were made into cylinders, which are 10 mm in diameter and 6 mm tall for the compression tests. It was 2 mm/min for a single compression. With 20 cycles and a compression strain range of 0%–50%, the cyclic compression rate was set at 3 mm/min. Cut the hydrogel samples into dumbbell shapes before performing the tensile testing (length 50 mm, width 4 mm, thickness 2 mm). The single stretch rate was set to 10 mm/min. The tensile strength of hydrogel is the maximum fracture stress in the stretching process of hydrogel (Liu et al., 2023). With 20 cycles and a tensile strain range of 0%–100%, the cyclic tensile rate was set to 50 mm/min. The compressive elastic modulus was obtained by fitting the 10%–40% strain region of the compressive stress-strain curve.
2.9 Cytocompatibility
Mouse fibroblasts (L929) were tested for biocompatibility. First, a cylindrical hydrogel with a diameter of 10 mm and a thickness of 2 mm was immersed in 75% ethanol for 30 min and UV irradiation for 1 h to sterilize the sample. Finally, the sample was washed three times with phosphate buffer (PBS). The sterilized samples were soaked in cell culture solution for 24 h to obtain an extract (concentration of 20 mg/mL). The cells were then cultured with extract (hydrogel group) and normal medium (control group), and the cell concentration was 1 × 104 cells/mL. The cells were kept constant at 37°C, 5% CO2 and 95% relative humidity incubate in incubators. Cell viability was determined by the cell counting kit-8 reagent (CCK-8, biosharp, China) at 1, 3, and 5 days of incubation, then the live and dead cells were stained with Calcein-AM/PI (keyGEN, China) double staining.
2.10 In vivo wound healing experiments
A full-thickness wound defect model was used to carry out in vivo wound healing experiments. Eight Sprague Dawley (SD) rats (female, 12-week-old, 220–250 g) were used to assess the hydrogel wound closure and healing performance. These research rats were first given a 7-day acclimatization period. For the surgical portion, aseptic procedures were used throughout. These rats were then given 30 mg/kg of pentobarbital sodium to make them unconscious. After that, the hair on their backs was partially removed, and a full-thickness wound (diameter: 5 mm) was made on it using a needle biopsy punch. Then, the wound on the left side of its back was left unattended as the blank control group (control group). And the wound on the right side of the back closed with the PEGDA/CS/CW hydrogel as the hydrogel experimental group (hydrogel group). Using a digital camera, the wound closure was evaluated on the third, sixth, and 12th days. At the same time, the new hydrogel dressings were changed. The reduction in wound area were calculated and normalized using the ImageJ software. And the wound healing rate (Rn) was calculated according to Eq. 2.
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Sn was the wound area on day n and S0 was the initial wound area.
We also evaluated the effect of hydrogel on wound healing by histological analysis. On day 3 and 12, cervical dislocation was used to euthanize experimental animals. The wound sites and encircling tissues were collected, fixed in a 10% paraformaldehyde solution and paraffin-embedded. Hematoxylin and eosin reagents (H&E, Beyotime, China) and Masson trichrome staining were used to color the tissue slices in order to observe the morphology, regeneration, and collagen deposition.
2.11 Statistical analysis
To ascertain whether or not the differences between the groups were statistically significant, statistical analysis was carried out. Data from independent parallel experiments were calculated using the mean standard deviation. The statistical analysis was performed using SPSS software. At *p < 0.05, significance was accepted; at **p < 0.01, statistical significance was higher; and at ***p < 0.001, significance was highest.
3 RESULTS AND DISCUSSION
3.1 Analysis of PEGDA characterization results
The infrared spectra and 1H NMR spectra of PEG and PEGDA are shown in Figure 2. Figure 2A showed that PEG and PEGDA both had strong absorption peaks near 2,885 cm−1 generated by the stretching vibration of C-H bonds. Compared with PEG, PEGDA had two new characteristic absorption peaks at 1720 cm−1 and 1,190 cm−1, corresponding to the absorption peaks of the C=O bond and C-O-C bond respectively. These two vibration absorption peaks were characteristic peaks produced by the end group of polyethylene glycol after esterification by acyl chloride, which preliminarily proved that the end hydroxyl group of PEG was replaced by the acrylate group. The successful synthesis of PEGDA was further confirmed by 1H MNR spectrogram analysis (Figure 2B). Compared with PEG, PEGDA samples shown three distinct proton peaks (a, b, and c) in the range of 5.8–6.3 ppm, which were attributed to the three H proton peaks of the double bond on the PEGDA esterified by acrylic acid. In addition, there was an H proton peak (d) near 4.3 ppm, which corresponded to the hydrogen signal on the PEDGA carbon skeleton (-CH2O-CO-). The successful synthesis of polyethylene glycol diacrylate was confirmed.
[image: Figure 2]FIGURE 2 | (A) FTIR spectra of PEG and PEGDA. (B) 1H NMR spectra of PEG and PEGDA.
3.2 Characterization of CW
The infrared spectra of Ch and CW (Figure 3A) showed that there were characteristic peaks in the amide I and amide II regions (1,661, 1,624, and 1,557 cm−1), which were characteristic of α-chitin. Compared with Ch, CW showed sharp characteristic peaks, which indicated that hydrochloric acid may change the structure of Ch and form highly crystalline whiskers (Phongying, Aiba, and Chirachanchai, 2007; Chang et al., 2010). It could be seen from the XRD patterns of Ch and CW (Figure 3B) with acid-hydrolysis that the main peaks at 9° and 19° (2θ) become sharper, which also confirmed the crystal structure of CW (Phongying, Aiba, and Chirachanchai, 2007).
[image: Figure 3]FIGURE 3 | (A) FTIR spectra of Ch and CW. (B) XRD spectrum of Ch and CW. (C) Transmission electron microscopy pattern of CW. (D) The size distribution of CW.
TEM characterization confirmed the whisker morphology of CW. It could be observed from Figure 3C that the prepared CW was needle-like, with uniform size, spatial distribution, and no serious agglomeration phenomenon. In addition, we used the ImageJ software tool to measure 100 random chitin nano-whiskers in the SEM image and get the distribution of CW length. And the width distribution was between 10–40 nm. As could be seen from the CW size distribution diagram (Figure 3D), the CW length was concentrated in the interval of 100–200 nm (67%).
3.3 Adhesion behavior
As an emerging biomedical material of tissue engineering, adhesive hydrogel has attracted much attention in replacing or assisting traditional therapeutic methods, especially in the research of adhesion properties (Yang et al., 2022). In this paper, the adhesive property of hydrogel was evaluated by a lap shear test. Firstly, the adhesion strength between PEGDA, PEGDA/CS or PEGDA/CS/CW hydrogel and glass was investigated. As shown in Figure 4A, the adhesion strength between the above three hydrogel and glass sheets increased in turn, especially the PEGDA/CS/CW hydrogel displayed the highest adhesion strength of 4.2 kPa to glass sheets. PEGDA hydrogel with smooth surface and dense holes was adsorbed on the glass sheet like a suction cup, and the adhesion strength could reach 2.1 kPa. However, for rough and uneven materials, its adhesion property would completely fade away. CS is a non-toxic natural antibacterial polymer commonly used as a wound dressing (Yan et al., 2021). Addition of CS made hydrogel further increase interface adhesion through free diffusion through tissue interfaces, topological entanglement, and ion chelation, as if two interfaces were stitched together at the molecular scale (Li et al., 2017; Yang et al., 2018; Liang et al., 2021). With the introduction of CW, the mechanical strength and adhesion strength of hydrogel were further improved.
[image: Figure 4]FIGURE 4 | (A) Adhesion strength between hydrogel of different components and glass sheets. (B) PEGDA/CS/CW hydrogel adhesion strength to various materials. (C) PEGDA/CS/CW hydrogel adhesion to nitrile glove, plastic and wood.
PEGDA/CS/CW hydrogel was tested for their adhesion to plastic, silicone rubber, hydrogel and pigskin. According to the results (Figure 4B), the adhesion strength of hydrogel for smooth and dense materials (glass and plastic) was relatively weak. But the adhesion performance of hydrogel was stronger for rough or conducive materials (hydrogel and porcine skin) which was benefited for CS diffusion. The PEGDA/CS/CW hydrogel could adhere to porcine skin up to 6.5 kPa, which was much better than medical fibrin adhesives (usually less than 4 kPa) (Deng et al., 2019; Guo et al., 2021). Figure 4C showed the adhesion between PEGDA/CS/CW hydrogel and three kinds of materials of nitrile gloves, plastics and wood.
3.4 Mechanical performance
The ideal wound dressing requires not only adequate adhesion strength but also appropriate mechanical properties. As can be seen from the compression test results (Figure 5A), the three hydrogels had good compression performance. It did not break when compressed to 80% of their height. With the introduction of CS and CW, the compressive elastic modulus of hydrogel gradually increased (Figure 5B). CS and CW also contributed to the improvement of hydrogel tensile properties. Compared with PEGDA hydrogel, the elongation at break of PEGDA/CS/CW hydrogel increased from 100% to 145%, and the breaking strength increased from 5.0 kPa to 11.2 kPa, showing excellent toughness (Figures 5C–E). At the same time, the improvement of the mechanical strength of hydrogel further promoted the adhesion of hydrogel to the material surface. Traditional dressings tend to have poor viscoelasticity, limiting the movement of the wound site when applied to the wound. The PEGDA/CS/CW hydrogel designed in this study showed remarkable toughness and resilience, that could withstand several cycles of compression and stretch (Figures 5F–H). Stress loss of hydrogel could be ignored, during 20 cyclic compression and tensile tests. As shown in Figure 5I, the PEGDA/CS/CW hydrogel was extremely compressed, it can be seen that the hydrogel quickly returned to its initial state when the compression load is removed. In addition, the hydrogel attached to the knuckle was free to move with the knuckle bend. The force of the hydrogel adhering to the glass sheet can support a 100 g weight. PEGDA/CS/CW hydrogel had excellent mechanical properties and adhesion properties, providing a strong guarantee for effective wound closure.
[image: Figure 5]FIGURE 5 | Mechanical properties of the hydrogel. (A) Compressive stress-strain curves. (B) Compressive elastic modulus. (C) Tensile stress-strain curves. (D) Breaking strain, and (E) breaking strength of PEGDA, PEGDA/CS and PEGDA/CS/CW hydrogel. (F) Cyclic compressive stress-strain curves. (G) Compressive cyclic stress-time and (H) cyclic tensile stress-time curves of the PEGDA/CS/CW hydrogel. (I) PEGDA/CS/CW hydrogel mechanical properties and adhesion performance display pictures.
3.5 Swelling properties
According to the swelling test, PEGDA, PEGDA/CS, and PEGDA/CS/CW hydrogel all had high swelling rates, reaching 277%, 300%, and 289% respectively (Figure 6A). Proper suction capacity helps protect the tissue around the wound from exudate impregnation and reduces the risk of bacterial infection, which is a prerequisite for wound healing (Li et al., 2022). Hydrogel have a long time to reach swelling balance (50 h), which is conducive to the hydrogel to absorb the wound seepage, keep clean and moist of the wound for a long time, and promote wound healing. Figure 6B showed before and after the hydrogel swelling. The volume of hydrogel became larger after water absorption and swelling, but it did not burst, indicating that hydrogel showed good elasticity.
[image: Figure 6]FIGURE 6 | (A) Swelling rate of hydrogel. (B) Before and after pictures of hydrogel swelling.
3.6 Cytotoxicity assay
Good biocompatibility is an important prerequisite for hydrogel to promote wound healing (Chen et al., 2018; Qu et al., 2018; Yang et al., 2021). In this experiment, the proliferation of 1, 3, and 5 days of cell culture was measured by CCK-8 kit. As shown in Figure 7A, the cell survival rate of the hydrogel group remained above 90%. In addition, it can be seen that the result of cell lived/dead staining (Figure 7B), the number of cells gradually increased with the increase of culture days. The cell morphology was saturated and spindle-shaped. In addition, the number of dead cells was small. The results of CCK-8 assay were consistent with the results of cell lived/dead staining, that indicated that the designed material had good cytocompatibility. Moreover, the PEGDA monomer had been completely reacted in the process of material synthesis. The introduction of SA and CW greatly improved the biocompatibility of materials.
[image: Figure 7]FIGURE 7 | (A) Cell viability for the hydrogel was performed after 1, 3, and 5 days of culture. (B) Images of live/dead staining after culturing cells on the hydrogel.
3.7 Wound closure and healing
To assess the therapeutic impact of hydrogel dressings on the cutaneous wound, a full-thickness wound defect model was created (Figure 8A). The effectiveness of wound treatment was assessed at the day 3, 6, 12 time periods, which was encouraged by in vitro results. The wound area clearly diminished throughout the course of the longer treatment periods in all groups. Particularly, the group treated with PEGDA/CS/CW dressing had noticeably quicker wound closure than the other group (Figure 8B). After 12 days of treatment, cutaneous wounds in the two group were almost healed and covered with neuroepithelium. The increased healing in the hydrogel dressing treated group was validated by the average wound closure ratio (Figure 8B), which was followed by PEGDA/CS/CW (95.6%) and control (83.9%). Our developed hydrogel dressing had a considerably faster rate of wound healing and a more beneficial therapeutic impact.
[image: Figure 8]FIGURE 8 | (A) Rat wound model and a general view of the appearance of the wound at different time points. (B) Wound healing ratio on day 3, 6, 9, and 12. (C) H&E and (D) Masson staining for different groups (scale: 500 μm).
By H&E staining tissue section to observe the healing process of wounds, such as Figure 8C, wound healing on the third day, the two groups in skin wounds were larger, local thickening, significantly higher than the surface of the skin, the surface of the wound was large scab skin coverage, scab skin visible fill wound granulation tissue hyperplasia, granulation tissue within a large number of capillaries and inflammatory cells infiltration. But the wound of the hydrogel group healed better than the control group. The wound surface in the control group was still slightly higher than the skin on the 12th day of wound healing. The regeneration of the epidermis was gradually complete and the regeneration of glandular lumen in the dermis could be observed obviously. There were still slight inflammatory cell infiltration and disordered tissue arrangement in the wound. In the hydrogel group, the skin wounds healed completely, the regenerated glandular lumens and surrounding tissues were arranged neatly, and there was no obvious inflammatory cell infiltration around the wounds. As a result, when compared to the control group, the hydrogel group demonstrated superior wound repair.
Masson staining (Figure 8D) was used to evaluate collagen production at the wound site. On day 3 of wound healing, the control group and hydrogel group showed slight interstitial edema and accumulated a small amount of collagen, but the hydrogel group showed less interstitial edema and uniform distribution of collagen. On the 12th day of wound healing, collagen accumulation increased in each group, with the collagen accumulation in the control group being relatively loose, while the collagen accumulation in the hydrogel group was tightly arranged and orderly, with a large number of glandular lumens. The results obtained by the histological analysis were consistent with the wound healing process, indicating that PEGDA/CS/CW hydrogel had good wound closure and promoted repair.
In summary, the wound closure effect of the hydrogel group was better than that of control group. And at the same time, the hydrogel also provided a suitable mechanical environment for wound healing, aiding tissue repair and avoiding scarring. Most adhesives, including cyanoacrylates, dopamine hydrochloride adhesives, and aldehyde-based adhesives, effectively seal and heal most common wounds. However, those adhesives tend to deform or stretch away from the adhesive surface because they are not flexible enough (Liu et al., 2023). In addition, the hydrogel could also absorb wound exudate, keep the wound moist and clean for a long time, prevent bacterial infection, and facilitated the observation of wound healing.
4 CONCLUSION
Through the effective construction of DN hydrogel dressings in this work, we were able to demonstrate their significant potential for full-thickness skin wound healing. Compared with the aldehyde group or catecholic adhesive hydrogels reported in most literatures, they usually show weak interfacial toughness and high pH dependence (Liu et al., 2023). The tissue adhesion stress of the PEGDA/CS/CW hydrogel reached 6.5 kPa and the elongation was higher than 145%. The hydrogel can speed up wound healing while providing an ideal mechanical microenvironment for tissue regeneration and wound healing. Additionally, the transparency allows for easier clinical application and observation of wound healing. This hydrogel crosslinked by UV light is a promising material for wound treatment since it may be gelled in place enabling simple filling of uneven wounds.
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