In Vivo Antibacterial and Wound Healing Experiments
1.1. Animals
1.1.1. Ethical statement
All animal experiments throughout the study were approved by the Experimental Animal Protection Association of Chengdu University of Traditional Chinese Medicine and all were performed in accordance with t the National Research Council's Guide for the Care and Use of Laboratory Animals.
1.1.2. Study design
A bacterially contaminated wound model was prepared by dropping S. aureus on the wound site of mice to evaluate the healing effect of hydrogel on bacterial wound healing[1]. Briefly, BALB/c mice (female, 18~21 g) were anesthetized and had their back furs removed. Then, a full-thickness wounds with a diameter of 10 mm were made on the back of the mice. Then, 100 μL of S. aureus (106 CFU/mL) was injected into the full-thickness wound of the mouse. Mice were randomized into six groups (n = 10), and the wounds were treated in different ways: (1) Control group (S. aureus, physiological saline solution); (2) HA-TYR group (S. aureus, HA-TYR gel treatment); (3) HA-TYR-P group (S. aureus, HA-TYR-P gel treatment); (4) HA-TYR-R group (S. aureus, HA-TYR-R hydrogel treatment); (5) HA-TYR-0.5%R@P group (S. aureus, HA-TYR-0.5%R@P hydrogel treatment); (6) HA-TYR-1%R@P group (S. aureus, HA-TYR-1%R@P hydrogel treatment). Mice were monitored regularly for any signs of discomfort. Three days later, bacterial samples were collected from the infected wound using sterile cotton swabs. Cotton swabs were mixed with 1 mL of PBS, S. aureus was spread on nutrient agar, and the bacteria were allowed to grow for 24 hours at 37℃. High-definition digital camera photographs of the wound site were taken on days 0, 3, 6, 9, and 12. Image J software was used to measure wound area, and percentage wound healing was calculated. Finally, the mice were sacrificed and the corresponding skin samples and visceral tissue were taken for H&E, Masson and iNOS/CD206 immunohistochemical staining. Sixty BALB/c mice were used in the experiment.
1.1.3. Experimental procedures
1.1.3.1. How
The mice were anesthetized by intraperitoneal injection of pentobarbital sodium (35 mg/kg). 50 μL of HA-TYR/HA-TYR-P gel or HA-TYR-R/HA-TYR-R@P hydrogel were used to treat full-thickness wounds. Finally, the mice were euthanized by intraperitoneal injection of pentobarbital (200 mg/kg).
1.1.3.2. When
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1.1.3.3. Where
All animals were grown at Animal research center of Chengdu University of traditional Chinese Medicine.
During the experiment, all mice were cultured separately in separate cages.
1.1.4. Experimental animals
All adult female BALB/c mice purchased from SPF (Beijing) Biotechnology Co., Ltd. 
1.1.5. Housing and husbandry
All animals were grown at same environment and same nutrition (room temperature 23 ± 2 °C; relative humidity 55 ± 5 %; 12h light/dark cycle) and allowed free access to tap water and standard mice chew throughout the whole experimental period; the beds were renewed three times a week.
1.1.6. Sample size
A total of sixty BALB/c mice were used in the whole experiment. A 10 mm round full cortical wounds produced by the perforators were appeared on the mice’s back.
1.1.7. Allocating animals to experimental group
Six treatments (1. Control group (S. aureus, physiological saline solution); 2. HA-TYR group (S. aureus, HA-TYR gel treatment); 3. HA-TYR-P group (S. aureus, HA-TYR-P gel treatment); 4. HA-TYR-R group (S. aureus, HA-TYR-R hydrogel treatment); 5. HA-TYR-0.5%R@P group (S. aureus, HA-TYR-0.5%R@P hydrogel treatment); 6. HA-TYR-1%R@P group (S. aureus, HA-TYR-1%R@P hydrogel treatment)) were randomly performed at four Full cortical wound sites of the mice back. All treatments were randomly completed within 5 minutes.
1.1.8. Experimental outcomes
Images of the bacterial colony can show the antibacterial activity of hydrogel in vivo. Observed the wound healing situation from the wound surface macroscopically and took pictures. The area of the wound was calculated by ImageJ. In addition, the wound healing rate is calculated by the following formula.
wound healing rate = (W0-Wt)/W0
In the formula, W0 represents the wound area at the 0th day, and Wt represents the wound area at different time points. Moreover, the distribution of inflammation and collagen deposition around the wound were observed by histological section.
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