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The design of hydrogel-based artificial tissues capable of reversible, programmed, and complex motions requires both
stimuli-responsiveness and structural anisotropy. In this work, we achieve non-unidirectional anisotropies by structuring
biocompatible hydrogels into lamellar architectures using particle suspensions. The method involves the application of an
unsteady magnetic field to a static sample [1]. In this approach, magnetic particles undergo directed self-assembly within a
polymer matrix that subsequently gels over time, effectively "freezing” the formed structures. We analyze the aggregation
kinetics, characterize the resulting lamellar patterns, and construct phase diagrams for the available microstructure [2]. Crucially,
we demonstrate that the resulting layered structures are capable of confining human fibroblast cells between adjacent
particle-rich layers, highlighting the potential of these architectures for guiding cell positioning. The morphology and
periodicity of the lamellae are shown to depend sensitively on particle concentration and geometric confinement. These findings
pave the way for the development of advanced anisotropic hydrogels with programmable internal architectures, enabling
applications in soft robotics, bioactuation, and tissue engineering.

Keywords:
Anisotropic hydrogel, magnetic hydrogel, magnetorheological fluid, lamella, layer, pattern, tissue engineering.

References:

[1] Camacho, G., Morillas, J. R. & de Vicente, J. Self-assembly of magnetic colloids under unsteady fields. Opin. Colloid
Interface Sci. 76 , 101903 (2025).

[2] Camacho, G., Morillas, J. R., Garcia-Gutiérrez, J., Martinez-Cano, O. & de Vicente, J.Engineering Layered Magnetic
Hydrogels for Cell Placement via Shear and Magnetic Field-Induced Assembly. Under review. (2026)

Acknowledgements:

We acknowledge Dr. Matthew Terkel for preliminary experiments on this project. The authors thank Prof. S. Arias-Santiago and Dr.
A. Ferndndez-Gonzilez, from the Cell Production and Tissue Engineering Unit at the Virgen de las Nieves University Hospital in
Granada for the generous gift of HFs cells. This work was supported by projects PID2022-138990NB-100 and
TED2021.129384B.C22 funded by MCIN/AEI/10.13039/501100011033 and by EU NextGenerationEU/ PRTR. G. C.
acknowledges the financial support by the FPU20/04357 fellowship. J. R. M. acknowledges the financial support by
(EFST)-H2020-MSCA-IF-2020 (Grant 101030666) fellowship.



