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Materials and methods 

Characterization of PLGA-bFGF nanoparticles 

PLGA-bFGF nanoparticles (PLGA-bFGF NPs) were prepared by the double 

emulsion-solvent evaporation method. Briefly, bFGF and bovine serum albumin (BSA) 

solutions were poured into PLGA dichloromethane. The primary emulsion was 

generated by a high-speed homogenizer (FJ200-SH, Shanghai suoying instruments co., 

LTD). Afterwards, the resultant emulsion was added to PVA solution and homogenized 

to obtain the multiple emulsion, and then the emulsion droplets were solidified at room 

temperature. The NPs were collected by centrifugation and obtained after freeze-drying. 

The morphology of the NPs was observed using SEM (SU8220, HITACHI, Japan). The 

Zeta potential was determined by Delsa Nano C Size/Zeta Potential Analysis 

Instrument (Beckman Instruments, German). The FT-IR spectra of PLGA-BSA, BSA 

and PLGA were recorded in the range of 400-4000 cm-1 using a Perkin Elmer Frontier 

infrared spectrometer. Stability studies were obtained by detecting the size of PLGA-

bFGF stored in PBS, Feta calf serum (FBS) and DMEM culture medium (DMEM CM). 

The PLGA-NPs and CSDP hydrogels were placed in 2 ml of PBS (pH 7.4 and pH 6.8) 

and incubated with shaking (100 rpm) at 37 °C for 18 days. At designated time point, 

the supernatant was collected and equal amount of fresh medium was added to each 

sample. Adopting the ELISA Assay Kit to detect the bFGF concentration in releasing 

media. 

Biocompatibility evaluation of the CSDP 

Hemolytic activity was determined by incubating suspensions of human red blood 

cells with CSDP. Red blood cells were rinsed several times in PBS by centrifugation 

for 3 min at 3000 g until the OD of the supernatant reached the OD of the control. Red 

blood cells were counted by a hemocytometer and adjusted to 7.7 × 106 ± 0.3 × 106 

cells/ml. Red blood cells were then incubated at room temperature for 1 h in 2% Triton 

X-100 (Positive control), in PBS (Control), or with different hydrogels. The samples 

were then centrifuged at 10000 g for 5 min, the supernatant was separated from the 

pellet, and its absorbance measured at 570 nm. The relative optical density compared 
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to that of the suspension treated with PBS was defined as the percentage of hemolysis. 

The cytotoxicity was measured by employing a direct contact test between hydrogels 

and NIH3T3 cells. NIH3T3 cells were seeded in 96-well plate at a density of 10000 

cells/well. After cultured for 24 h, the hydrogels were introduced into the wells. The 

cell proliferation under the hydrogel was evaluated by CCK 8 Kit and calcein AM/PI 

staining after 12 h and 24 h.  

The Balb/c mouse back skin was shaved 24 h before the experiment to allow for 

full recovery from possible disturbance to the stratum corneum by the shaving process. 

The CSDP was administrated onto the shaved area. The mice administrated with PBS 

served as a control group. After 14 days treatment, all the mice were sacrificed, and the 

treated areas were collected for histological examination. To fix the tissue, the skin 

samples were immersed into 10% formalin for 18 h and then embedded in paraffin. 

H&E staining and TUNEL assay were used to evaluate the cellular morphology change 

and apoptosis, respectively. Tissue slices were imaged with fluorescence microscopy. 

Evaluation of the antibacterial activity of free DVDMS-PACT and antibiotic 

S. aureus and MDR-S. aureus suspensions (108 CFU/ml) were respectively added 

to free DVDMS (2, 5, 10 μg/ml) prepared in a 24-well flat-bottomed plate, and 

incubated for 75 min at 37 °C. After irradiating with different laser doses (10, 20, 30 

J/cm2), CFUs were counted. For comparison, suspensions of bacteria were parallelly 

incubated with different concentration of antibiotics-Levofloxacin, Ciprofloxacin and 

Clindamycin for 75 min at 37 °C, CFUs were counted, respectively. 

Effect of PLGA-bFGF on wound healing 

To verify the efficacy of PLGA-bFGF NPs in promoting wound healing, 0.785 

cm2 circle full-thickness wound in skin was made on the dorsal surface of each mouse. 

Subsequently, PLGA-bFGF NPs were applied to each of the following days to observe 

the healing of the skin. For evaluation of skin regeneration in wound area, the 

regenerated skin collected on 21 day was used to perform H&E and Masson trichrome 

stain. Histopathological changes were observed using microscopy. Subsequently, the 

regenerated skins from the wound site were also excised at 7, 14 and 21 day for 

immunofluorescence staining. The fixed and frozen sections were stained with bFGF 
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antibody (Abcam). FITC-conjugated goat anti-rabbit IgG (Abcam) was used as the 

secondary antibody to reveal bFGF expression. The nuclei were counterstained with 

DAPI mounting solution. Slides were observed under a fluorescence microscope. 
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Figure S1. Characterization of PLGA-bFGF nanoparticles. (A) SEM image of PLGA-bFGF. Scale 

bar=500 nm. (B) High magnification image of PLGA-bFGF. Scale bar= 200 nm. (C) DLS particle 

size distribution of PLGA-bFGF. (D) Zeta potential of Blank PLGA and PLGA-bFGF. (E) FT-IR 

spectra of Glu, PLGA, BSA and PLGA-BSA. (F) Changes in diameters of PLGA-bFGF after storage 

at 4 °C and 37 °C for different times in the presence of PBS, FBS and DMEM CM. (G) In vitro 

release profiles of the PLGA-bFGF and CSDP hydrogel at pH values of 7.4 and 6.8. Data are 

expressed as mean ± SD of three independent experiments. 
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Figure S2. Characterization of CSDP hydrogel. (A) Parameters and gelation time of hydrogel 

samples. (B) Synthesis scheme of CS hydrogel. (C) Identification of ionic bonds in the synthetic 

reactions. a) CMCS-SA, b) CMCS-SA-CMC, c) CMCS-SA-Triethylamine. (D) Bacteria counts of 

S. aureus/MDR-S. aureus with PLGA-bFGF, CS hydrogel and CSDP hydrogel treatment. Right 

inset: photographs shows the inhibition zone of CSDP hydrogel against S. aureus/MDR-S. aureus. 

(E) Equilibrium swelling ratio of hydrogels after swelling for 24 h in different PBS (pH 1-10). (F) 

Effects of pH change and incubation time on the swelling quality of CSDP hydrogel. Absorption 

spectra (G) and Fluorescence spectra (H) of Free DVDMS and DVDMS released from CSDP 

hydrogel. (I) Singlet oxygen production of free DVDMS and DVDMS released from CSDP 

hydrogel. Data are expressed as mean ± SD of three independent experiments, *p<0.05, *p<0.01 

versus Control, #p<0.05 between groups. 
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Figure S3. Antibacterial activity of different treatment for S. aureus/MDR-S. aureus. CFU analysis 

of MDR-S. aureus (A) and S. aureus (B) after free DVDMS-PACT treatment. (C) Bacterial viability 

of levofloxacin for S. aureus/MDR-S. aureus. (D) Bacterial viability of ciprofloxacin for S. 

aureus/MDR-S. aureus. Bacterial viability of clindamycin for MDR-S. aureus (E) and S. aureus (F). 

(G) Bacterial viability of free DVDMS-PACT and CSDP Hydrogel-PACT for S. aureus/MDR-S. 

aureus. (H) Bacterial survival percentage of (C). (I) Bacterial survival percentage of (D). (J) 

Bacterial survival percentage of (E). (K) Bacterial survival percentage of (F). Data are expressed as 

mean ± SD of four independent experiments, *p<0.05, *p<0.01 versus Control, #p<0.05 between 

groups. 
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Figure S4. Antibacterial activity of CSDP-PACT for S. aureus. Flow cytometry (A) and 

fluorescence microscopy (B) combined with SYTO 9/PI staining to illustrate bacterial viability. 

Intracellular ROS generation of MDR-S. aureus (C) and S. aureus (D) detected by DCFH-DA as 

measured by flow cytometry. Data are expressed as mean ±SD of three independent experiments, 

Scale bar=50 μm. 
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Figure S5. (A) Effect of DVDMS-PACT on MDR-S. aureus. (B) Selected MDR-S. aureus genes 

that displayed altered expression after DVDMS-PACT treatment as determined by RT-PCR. Data 

are expressed as mean ± SD of three independent experiments, *p<0.05, **p<0.01 versus Control. 
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Figure S6. S. aureus biofilms disrupted by CSDP-PACT. (A) SEM images of S. aureus biofilms 

with different treatment. Scale bar=10 μm. (B) 3D confocal images of S. aureus biofilms with 

different treatment.  
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Figure S7. Effect of PLGA-bFGF on wound healing. Skin wound healing rate (%) (A) and 

representative images of wounds (B) in the different treatment groups. (C) Representative 

photographs of skin wound tissues on day 7, day 14 and day 21 after H&E, Masson and bFGF (green) 

immunofluorescence. Data are expressed as mean ± SD of four independent experiments, *p<0.05, 

**p<0.01 versus Model. 
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Figure S8. Representative bacterial colonies with different treatment. 
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Figure S9. Evaluation of side effects using CSDP-PACT. (A) H&E staining of heart, liver, spleen, 

lung, and kidney slices after 21-days treatment for the different groups. Scale bar=100 μm. (B) Body 

weight changes after different treatments. (C) Weights of major organs in the mice. Data shown as 

means  SD from four mice in each group. 
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Table S1: Differential genes in the KEGG pathway. 
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Table S2. Primers used in real-time RT-PCR with SYBR green probes. 
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Table S3. Selected MDR-S. aureus genes that displayed altered expression after 

DVDMS-PACT treatment as determined by microarray analysis and RT-PCR. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


