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ABSTRACT Objective: To construct an insitu injectable Chitosan-based hydrogel for phased dosing, of which the sol solution is in-
jected directly into the wound after ESD (Endoscopic Submucosal Dissection) surgery to form a hydrogel dressing in situ. After introduc-
ing drug-loaded nanoparticles into the hydrogel dressing, the dual drug-loaded hydrogel can promote the scar-free healing of wounds
through different release kinetics of the drugs contained in the gel and nanoparticles, which will be a good solution for preventing
post-ESD esophageal stricture. Methods: Polydopamine (PDA) is added to chitosan/sodium glycerophosphate (CS/B-GP) thermosensitive
hydrogel to prepare chitosan/sodium glycerophosphate/polydopamine (CS/B-GP/PDA) hydrogel. The CS/B-GP/PDA/NPs dual drug-loaded
hydrogel was prepared by adding drug-loaded polyethylene glycol-poly lactic acid-co-glycolic acid (PEG-PLGA) nanoparticles to the
drug-loaded hydrogel, and the staged release of the drugs was achieved through the combination of the two drug carrier systems. The
phase transition temperature and rheological properties of CS/3-GP, CS/B-GP/PDA, CS/B-GP/PDA/NPs gels were determined by rheo-
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logical tests. The release kinetics of the two drugs in CS/B-GP/PDA/NPs hydrogels was detected by high performance liquid chromatog-
raphy (HPLC). The biocompatibility of CS/B-GP/PDA, CS/B-GP/PDA/NPs gels was evaluated by CCK-8 cell proliferation experiments.
In the porcine esophagus in vitro, the wound that would generate after ESD was simulated. The sol solution was injected into the wound
with the aid of endoscopy, and the state of the hydrogel was observed through an endoscope. Results: A chitosan/B-sodium glycerophos-
phate/polydopamine (CS/B-GP/PDA) gel with significantly enhanced adhesion was prepared. Rheological experiments proved that the
addition of PDA could significantly reduce the gel temperature of the hydrogel and shorten the in situ gelling time. CCK-8 experiments
showed that CS/B-GP/PDA and CS/B-GP/PDA/NPs gel systems both exhibit minimal cytotoxicity. In the porcine esophagus simulation
experiment in vitro, after the sol was injected into the wound, the gel could be formed in situ, and the gel adhered to the wound strongly.
Through measuring the drug release rate, it was verified that the release rate of the two drugs contained in the CS/B-GP/PDA/NPs hydro-
gel was significantly different, suggesting that the phased dosing could be achieved. Conclusion: The designed CS/3-GP/PDA/NPs gel

system is suitable for post-ESD wound repair, and could achieve phased dosing, revealing its potential for preventing post-ESD

esophageal stricture.
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Fig.1 Design of the in situ injectable dual-drug-loaded CS/B-GP/PDA/NPs composite thermosensitive hydrogel
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Fig. 2 Gel time of CS/B-GP/PDA sol solutions with various component ratios observed by inversing the samples( The gels of each concentrations were

compared with each other, P<0.05, which was statistically significant )
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Fig. 3 Rheological characterization of the hydrogel (a is the rheological characterization of CS/B-GP/PDA/NPs with 14.3% of PDA without drug loading,
the gel temperature is 25 “C, and the storage modulus G" is 994.97 Pa at 37 °C; b is the rheological characterization of CS/B-GP/PDA hydrogel with 14.3%
of PDA, the gel temperature is 19 ‘C, the storage modulus G" is 992.51 Pa at 37 “C; ¢ is the gel temperature of CS/3-GP/PDA hydrogels with different
PDA contents; d is the storage modulus of CS/B-GP/PDA hydrogels with different PDA contents at 37 ‘C; the gels of each concentration in ¢ and d are
compared with each other, P<0.01, which is statistically significant)
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Fig. 4 Microstructures of the hydrogel (a is CS/B-GP hydrogel containing 0% PDA, b is CS/3-GP/PDA hydrogel containing 14.3% PDA)
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Fig.5 Endoscopy-assisted in vitro porcine esophagus injection of CS/B-GP/PDA sol solution (a: The catheter is placed on the wound after ESD to inject

hydrogel, b: 150 s later, the hydrogel gels and adheres to the wound)
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Table 1 Particle size and dispersion coefficient of drug-loaded particles
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Fig. 6 The release rates of two drugs in the hydrogel (a is the release curve of rifamycin, and b is the release curve of triamcinolone acetonide)

2.09 con
OmL/3. 5SmL. PDA
0.2nL/3. 5mL PDA

0. 4mL/3. 5mL PDA
0.8mL/3. 5mL PDA
0.2mL/3. 5mL_PDA/NPs

.54 }

=3
1

0.5

Rdlative cell proliferation

0.0- -
0 24 48 72
t (h)

B 7 5AEKRE PDA KGN ENAMILERL( SRESE8
ARTEE, **P<0. 1,*P<0.01)
Fig.7 The proliferation of cells incubated with different concentrations of

PDA hydrogel (**P<0.1, *P<0.01, compared with the control group)
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