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Nonlinear Rheological Properties of Endothelial Cell Laden-cellulose
Nanofibrils Hydrogels

Yeeun Song*, Min-Gyun Kim**, Hee-Gyeong Yi*****, Doojin Lee*"

ABSTRACT: Cellulose nanofibrils (CNF) based on wood pulp fibers are gained much attention as part of
biocompatible hydrogels for biomedical applications such as tissue engineering scaffolds, biomedicine, and drug
carrier. However, CNF hydrogels have relatively poor mechanical properties, impeding their applications requiring
high mechanical integrity. In this work, we prepare 2,2,6,6-tetramethylipiperidin-oxyl (TEMPO) oxidated cellulose
nanofibrils hydrogels mediated with metal cations, which form the metal-carboxylate coordination bonds for enhanced
mechanical strength and toughness. We conduct the large amplitude oscillatory shear (LAOS) test and Live/dead cell
assay for obtaining nonlinear viscoelastic parameters and cell viability, respectively. In particular, the cell proliferation
and viability change depending on the type of metal salt, which also affected the rheological properties of the
hydrogels.
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Fig. 1. (a-d) Manufacturing process of cellulose nanofibrils, (e)
visual appearance of M-TCNFs, and (f) FT-IR results of
TCNF and M-TCNF hydrogels
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(A) Before Cell Seeding

(B) After Cell Seeding (7 days)
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Fig. 2. Strain amplitude sweep test of TCNF and M-TCNF (A) before and (B) after cell proliferation (7 days): (i) neat TCNF, (ii) trivalent M-

TCNF hydrogels, and (jii) divalent M-TCNF hydrogels
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Fig. 3. Variation of the relative intensity of the third harmonic (/; ;) as a function of strain amplitudes for TCNF and M-TCNF hydrogels (a)
before cell and (b) after cell proliferation
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Fig. 4. Stiffening ratio S, and thickening ratio T as a function of strain amplitude for (a) TCNF, and M-TCNF with different metal salt cat-
ions of (b) Fe3*, (c) AP, (d) Cu?*, (e) Ca**, and (f) Zn?* before cell proliferation
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Fig. 6. (a-d) Live and dead assay images of HUVEC cells cultured on TCNF, Fe-TCNF, Cu-TCNF, and Ca-TCNF hydrogels after 1 day and 3 7
days cell culturing. (e-g) Cell viability of TCNF and M-TCNF with different metal cations
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