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Development of a bioactive ink library for functional three-dimensional tissue
bioprinting
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3D printing enables the modeling of structures with complex internal
structures. In particular, bioprinting, which uses cells in ink, is expected to be a technology that
will enable the fabrication of functional tissue and organ substitutes that cannot be modeled with
conventional technologies. In addition to the evolution of printers, the evolution of inks is
indispensable to realize this technology. In this study, in collaboration with a research group in
France, we investigated the possibility of finding new bioactive substances from natural resources,
giving them the necessary functions, and obtaining new ink materials. As a result of this study,
several polysaccharides were discovered, including polyglucuronic acid, and major results were
obtained that led to patent applications and the publication of scientific papers.
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Fig 1. Shear rate-viscosity profiles of
1.0 and 2.0 % w/v PGU solution and
1.0, 2.0, and 3.0 % w/v sodium
alginate solution at 25 °C. (Ref 1)
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Fig. 3. (a) Micrographs of PGU microparticles encapsulating HepG2 cells on days
0, 6, and 14. Scale bars 500 pum. (b) Photomicrographs of PGU microparticles on

day 6 after centrifugation at 1500 rpm for 2 min. Scale bars 200 um.

After centrifugation

10 mM HEPES solution (pH 7.4) containing 0.1 % w/v PGU to 10 mM
HEPES solution (pH 7.4) containing 10 mM CaCl.. (b) Binding
isotherms of the area of each peak in ITC thermogram. (Ref 1)
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Fig 4. (a) Synthetic scheme of PGU-Ph, (b) cross-linking scheme of
PGU-Ph through HRP-mediated reaction, and (c) photo of PGU-Ph
hydrogel obtained through HRP-mediated reaction. (Ref2)
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Fig. 5. Dependence of Young's modulus of
hydrogels for concentrations of (a) PGU-
Ph at 5 U/mL HRP and 1 mM H20:, (b)
HRP at 2.0 w/v% PGU-Ph and 1 mM H202,
and (c¢) H20:2 at 2.0 w/v% PGU-Ph and 5
U/mL HRP. (Ref 2)
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Fig 6. (a) Blueprint of a hexagonal cell with 2 mm height, and photos of (c¢) 1.0 w/v% and (b, d) 2.0 w/v% PGU-Ph
inks extruded onto substrates based on the blueprint in air (b) non-containing and (c, d) containing H>O.. Photos of
printed 2.0 w/v% PGU-Ph constructs with (e) triple hexagonal cells and (f) picked double hexagonal cells put on skin.
(g) Blueprint of a hexagonal cell with 10 mm height, and (h, i) photos of 2.0 w/v% PGU-Ph hydrogel constructs taken
from different viewpoints and (j) the hydrogel construct threaded with glass tube. (Ref 2)
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