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Abstract : The structural organisa�on of mammalian organisms exhibits a feature characterised by con�nuous gradients

involving various biological components, such as cells, proteins, growth factors, and the extracellular matrix.
For instance, the osteochondral interface of the joints displays a gradual varia�on in �ssue composi�on, with
a gradient spanning from bone to car�lage �ssue. Tissue engineering and 3D bioprin�ng hold great poten�al
in transforming orthopaedic healthcare. U�lisa�on of na�ve �ssue-mimicking biomaterial-based scaffolds
can eliminate the risk of gra$ rejec�on and poten�ally overcome the drawbacks associated with the current
standard treatments of osteochondral defects. Nevertheless, establishing bioprinted scaffolds replica�ng the
na�ve gradient pa&erns remains a formidable challenge. Therefore, this study aims to develop bioinks which
can be used to 3D bioprint a gradient hydrogel scaffold that mimics the gradient architecture of an
osteochondral interface using a gradient 3D bioprinter. Protein-polysaccharide-based composite bioinks were
developed using bovine serum albumin and sodium alginate. Addi�onally, self-assembled nanofibrous
polyelectrolyte complexes (PECs) were incorporated into the bioinks to enhance cell a&achment sites and
mimic the na�ve extracellular matrix. The bioinks were successfully fabricated with excellent printability,
high shape fidelity and enhanced mechanical proper�es. Due to the excellent shear-thinning property of the
fabricated bioinks, the post-prin�ng cell viability is not affected. MG63 pre-osteoblasts and primary
chondrocytes were encapsulated in the bioinks to observe prolifera�on within the bioprinted constructs.
Furthermore, bioinks were op�mised for the prolifera�on and differen�a�on of bone marrow mesenchymal
stem cells (BM-MSCs) in the hydrogel scaffolds. The subsequent phases of this inves�ga�on will involve
exploring the differen�a�on of BM-MSCs within the 3D printed gradient scaffolds, followed by an evalua�on
of the scaffold's in vivo efficacy in repairing osteochondral defects in animal models.
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