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Electrostatic induction-regulated y-ray radiation polymerization of Iq-IA-AA asymmetric

adhesive hydrogel: preparation and properties

HU Zhen' NI Maojun? DU Haotian' LIU Siyang' ZHANG Xiaobin'
WANG Jingxia'? PENG Chaorong"’
'(Sichuan Institute of Atomic Energy, Chengdu 610101)

*(Sichuan Key Laboratory of Radiation Preservation, Chengdu 610101)

ABSTRACT  Oral ulcers (OUs) are one of the most common inflammatory lesions of the oral mucosa,
characterized by mucosal inflammation, tissue damage, and persistent pain. The moist and dynamic physiological
environment of the oral cavity limits the retention and efficiency of locally administered therapeutic drugs, posing
challenges to the clinical local intervention of OUs. In this study, y-ray radiation polymerization technology was
used to prepare an asymmetric hydrogel material (Iq-IA-AA) based on electrostatic interaction-induced phase
separation. During the polymerization process, the polarity of the reaction system was regulated by the ratio of
ethanol/water binary solvent. Itaconic acid (IA) and acrylic acid (AA) monomers rich in carboxyl groups were
directionally introduced into the upper surface of the hydrogel to enhance mucosal adhesion; meanwhile, ionic liquid
(Iq) monomers containing long hydrophobic carbon chains and double bonds settled to the bottom through phase
separation polymerization to form a non-adhesive surface, thus constructing an asymmetric adhesive bilayer
structure. Multiple characterization methods such as scanning electron microscopy and universal testing machine
were used to investigate the effects of solvent composition and absorbed dose on the structure and properties of the
hydrogel, clarify the formation mechanism of its bilayer structure, and evaluate its biocompatibility through
cytotoxicity tests. The results showed that when the volume ratio of ethanol/water was 2 8 and the absorbed dose
was 50 kGy, the Iq-IA-AA hydrogel exhibited a tensile strength of (275+7.1) kPa, a shear adhesion strength of (270+
1.5) kPa, and a water swelling degree of only 203.6%, without cytotoxicity, indicating good application potential in
the auxiliary materials for clinical local treatment of OUs.

KEYWORDS Hydrogel, Asymmetric adhesion, Radiation polymerization, Itaconic acid
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Fig.1 Preparation reaction route of 1-hexadecyl-3-vinylimidazolium bromide ionic liquid (Iq)
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Fig.2 Schematic diagram of asymmetric adhesion hydrogel (IQ-IA-AA) structure
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Fig.3 Characterization of chemical structure of Iq and Ig-IA-AA hydrogels: (a) FTIR spectra of Iq; (b) 'H NMR spectra of Iq;
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Fig. 4 Characterization of morphology and hydrophilicity of Iq-IA-AA hydrogels. SEM image of (a) section, (b) lower surface,
(c) SEM image of the upper surface and (d) EDS image of the cross-section; (e) lower and (f) upper water contact angle test of Iq-1A-
AA; (g) swelling tests of hydrogels with white part of the surface and as a whole completely immersed in PBS water
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Fig.5 Mechanical properties of Iq-IA-AA hydrogels (color online): (a) images of Iq-IA-AA hydrogels at different bending angles
of fingers; (b) images of Iq-IA-AA hydrogels being cut by the knife; (c) images of Iq-IA-AA hydrogels under sharp stimulus; (d)
tensile stress—strain curves for Iq-IA-AA hydrogels under different absorbed doses when the volume ratio of ethanol/water is 2:8;
(e) stress—strain curves for Iq-IA-AA hydrogels under different ethanol/water solvent ratios when the absorbed dose is 50 kGy
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Fig.6 Asymmetric adhesion characterization of Iq-IA-AA Hydrogel: (a) adhesion to various materials including paper, glass,
stainless steel and plastics; (b) photograph showing the Iq-IA-AA hydrogel adhesion which could bear 200 g; (c¢) shear adhesive
strength for a Iq-IA-AA hydrogel at different absorbed doses when the volume ratio of ethanol/water is 2 © 8; (d) shear adhesive
strength for a Iq-IA-AA hydrogel at different ethanol/water solvent ratios when the absorbed dose is 50 kGy
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Fig.8 Characterization of asymmetric mechanism for Iq-IA-AA hydrogel (color online): (a)~(c)the particle size characterization of
the Ig-IA-AA hydrogel precursor with different ethanol/water solvent ratios (0 : 1,2 : 8,5 I 5); (d) Zeta potential characterization
of Iq-IA-AA hydrogel precursor with different ethanol/water solvent ratios (0 - 1,2 : 8,5 I 5); (e) effect of Iq on melting/
crystallization behavior of Iq-IA-AA (the solvent ratio is 2 : 8)hydrogel measured by differential scanning calorimetry (DSC); (f) X-
ray diffraction (XRD) pattern of the top/bottom surfaces for the Iq-IA-AA (the solvent ratio is 2 : 8)hydrogel, tested at an ambient
temperature of 25 °C
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