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Abstract: To develop anti-adhesion agent using photo-reaction, visible light curable carrageenan derivatives (F-Cm-Car-
rageenan) was prepared by using K-Carrageenan which is natural polymer. Carrageenan is a natural polymer having prop-
erties such as bio-degradability and bio-compatibility. Riboflavin is a non-toxic, bio-compatible natural photo-initiator.
Riboflavin induces photo-crosslinking in visible light-curing carrageenan derivatives. 'H NMR (proton nuclear magnetic
resonance) and GPC (gel permeation chromatography) analysis were conducted to confirm that F-Cm-Carrageenan was
prepared. Photo-curing test was conducted to determine the degree of photo-curing with visible light irradiation time. To
evaluate the applicability as an anti-adhesion agent, cytotoxicity test, anti-adhesion test and cell penetration test were con-
ducted. Therefore, it is considered that the visible light curable carrageenan derivatives can be applied as a new type of
anti-adhesion agent.

Keywords: visible light curable carrageenan derivatives, riboflavin, photo-curing, anti-adhesion, anti-adhesion agent.
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Figure 1. Chemical structures of three types of carrageenan.
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Figure 2. Visible light-curing progress scheme of F-Cm-Carrageenan riboflavin photosensitizes the oxygen molecules to generate singlet oxy-
gen, and the resulting singlet oxygen reacts with furan derivatives to afford crosslinking through the formation of furan endoperoxide.
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Figure 4. '"H NMR of F-Cm-Carrageenan the '"H NMR spectra of
carrageenan, Cm-Carrageenan and F-Cm-Carrageenan in D,0. Cm-
Carrageenan and F-Cm-Carrageenan showed a peak corresponding
to the methyl group at 1 ppm, indicating that the carrageenan was
successfully caboxymethylated. And the furfuryl group has three
specific peaks at 6-8 ppm. Three peaks are peaks of the furan ring
of the furfuryl group, indicating that F-Cm-Carrageenan was suc-
cessfully prepared.
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Figure 5. GPC of K-Carrageenan, Cm-Carrageenan and F-Cm-Car-
rageenan Cm-Carrageenan showed that Cm-Carrageenan and F-
Cm-Carrageenan were faster than K-Carrageenan. F-Cm-Carra-
geenan was the fastest (MW of K-Carrageenan: about 788 g/mol,
Retention time: 14.080 min; MW of Cm-Carrageenan: about
864.67 g/mol, retention time: 13.015 min; MW of F-Cm-Carra-
geenan: about 929.6 g/mol, retention time: 10.960 min).
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Figure 6. Photo-curing test of F-Cm-Carrageenan.
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Figure 7. Cytotoxicity test: in vitro cytotoxicity of the F-Cm-Car-
rageenan was measured with a WST assay. Cell viability of the F-
Cm-Carrageenan was more than 90% when compared to the control
group for 48 h.
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Figure 8. Anti-adhesion test. When NIH3T3 fibroblast cells are incubated after they were seeded, the morphological shape of the cell changes
from a circular shape to a pointed triangle. In the control group, cells were adhered and grown, and the morphological shape of the cells was
changed to a triangular shape with a sharp point. On the other hand, in the experiment group photo-coated with F-Cm-Carrageenan, the cells
were not adhered and the morphological shape of the cells was circular shape.
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Figure 9. Cell penetration test: (A) Scheme of cell penetration test procedure; (B) cell penetration test through microscope observation; (C)
cell penetration test through cell counting.
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Figure 9. Continued.
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