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Abstract — To overcome the challenges of gastrointestinal degradation and low intestinal absorption associated
with the oral administration of protein drugs, pH-responsive and mucoadhesive P(AA-co-GelMA) hydrogel particles
were synthesized. The methacrylate groups were introduced into native gelatin to make methacrylated gelatin
(GelMA) capable of copolymerizing with acrylic acid (AA) via suspension polymerization to form spherical
particles. The synthesized hydrogel particles exhibited distinct pH-sensitivity, maintaining a collapsed state in a
simulated gastric environment (pH 2.0) and rapidly swelling in a simulated intestinal environment (pH 7.0).
Mucoadhesion evaluations using a slope flow system demonstrated that the mucoadhesion of the hydrogel increased
with higher gelatin content within the P(AA-co-GelMA) hydrogels. Additionally, the hydrogels retained their
mucoadhesion even under harsh shear stress conditions far more severe than those of the actual intestinal tract,
indicating that they are highly expected to exhibit superior retention performance in actual in vivo environments. In
conclusion, the P(AA-co-GelIMA) hydrogel particles developed in this study can serve as a promising platform
technology for oral protein drug delivery, maximizing bioavailability by selective drug release and prolonging the
residence time in the small intestine.
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Scheme 1. Measurement of mucoadhesion of P(AA-co-GelMA) hydrogel microparticles using slope flow system; (a) before the flow applied

and (b) after the flow applied.
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Fig. 1. 'H NMR spectrum of GelMA. The peaks at 5.3 ppm and 5.6 ppm represent the incorporation of double bonds into the natural gelatin.
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Fig. 2. P(AA-co-GelMA) hydrogel particles swelled at pH 2.0 and
pH 7.0 buffer solution; (a) Gel 100/pH 2, (b) Gel 100/pH 7,
(c) Gel 67/pH 2, (d) Gel 67/pH 7, (e) Gel 33/pH 2, (f) Gel 33/
PH 7, (g) Gel 0/pH 2, and (h) Gel 0/pH 7.

Table 1. Particle size of P(AA-co-GelMA) hydrogel microparticles
swelled at pH 2.0 and pH 7.0 buffer solution

Hydrogels Particle size (um)
pH2.0 pH 7.0
Gel100 (AA 0%) 9.06 (+4.73) 7.75 (£5.17)
Gel67 (AA 33%) 2.69 (+1.69) 7.92 (+4.86)
Gel33 (AA 67%) 2.97 (+1.38) 9.83 (£6.26)
Gel0 (AA 100%) 3.02 (£1.40) 9.23 (+5.86)
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A BER deelA 2ol 7S B 5 itk ¢, pH
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Fig. 3. Mucoadhesion of P(AA-co-GelMA) hydrogel particles accord-
ing to the particle size swelled at pH 2.0 and pH 7.0 buffer
solution.
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Table 2. Particle size of P(AA-co-GelMA) hydrogel microparticles
controlled by filtration

Hydrogels Average size (um)
Gel100 (AA 0%) 9.06 (+2.57)
Gel67 (AA 33%) 8.64 (£2.62)
Gel33 (AA 67%) 8.46 (+2.81)
GelO (AA 100%) 8.76 (£2.71)
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Fig. 4. Mucoadhesion of P(AA-co-GelMA) hydrogel particles accord-
ing to the composition of P(AA-co-GelMA) hydrogels.
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Fig. 5. Mucoadhesion of P(AA-co-GelMA) hydrogel particles accord-
ing to the flow rate.
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