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We have developed the Anisogel, which is a hybrid hydrogel that can be
injected in soft tissues to provide unidirectional guidance. Rod-shaped
microgels and short fibers are rendered magnetic by incorporating low
concentrations of iron oxide nanoparticles (SPIONs) and align in magnetic
fields in the millitesla range. The anisometric elements are fabricated
with variable dimensions, aspect ratio, stiffness, and SPION amount. After
alignment, surrounding pre-polymer solutions can crosslink into a network to fix
the position of the elements after removal of the magnetic field. To understand
the physical mechanisms behind the ordering of the soft magnetic elements,
experimental data is compared with a model based on the magnetic rotation
of an ellipsoidal element dispersed in a Newtonian fluid. This enables us to
predict the orientation state and alignment time of the microgels, depending
on their design parameters, and the viscosity of the surrounding fluid. When
mixed with cells and nerves, the cells align and grow in a linear manner and the
fibronectin produced by fibroblasts is also oriented. RGD modification of the
microgels further improves the orientation of the cells but significantly reduces
fibronectin production. The mechano-sensitive protein yes-associated protein
(YAP) shuttles to the nucleus due to the mechanical anisotropy of the Anisogel.
Regenerated nerves are functional with spontaneous activity and electrical
signals propagating along the anisotropy axis of the material
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