
The Fate of Thixotropy in Hydrogels 51

No signs of infection or rejection were observed in the implant location during the 
7 day period of the experiment as the implants became progressively infiltrated by 
fibrovascular tissue. Skin that was in close proximity to all implants was noted to be 
normal and healthy.

This in vivo data document that hybrid hydrogels are processed biologically: 
although the CMC scaffold is degraded, the MNPs remain in the subcutaneous tissue 
where they induce inflammatory cell infiltrate at the site of implantation. The use of a 
low concentration of MNPs embedded in CMC gels could reduce their in vivo toxicity. 
Considering the nature of MNPs, Fe3O4 showed a better safety profile, probably due 
to the slow prolonged release of Co ions from cobalt-ferrite MNPs. This data clearly 
indicates the possibility of clinical exploitation of CMC hydrogel containing low 
percentage of MNPs.

References 
Barbucci, R., M. Fini, L. Martini, P. Torricelli, R. Giardino, S. Lamponi et al. 2005. Hyaluronic acid hydrogel 

added with ibuprofen-lysine for the local treatment of chondral lesions in the knee in vitro and in vivo 
investigations. Journal of Biomedical Materials Research: Part B—Applied Biomaterials. 75B: 42–48. 

Barbucci, R., G. Leone, A. Chiumiento, M.E. Di Cocco, G. D’Orazio, R. Gianferri et al. 2006. Low and 
high resolution Nuclear Magnetic Resonance (NMR) characterisation of Hyaluronan based native 
and sulphated hydrogels. Carbohydrate Research 341: 1848–1858.

Barbucci, R., D. Pasqui, R. Favaloro and G. Panariello. 2008. A thixotropic hydrogel from chemically 
cross-linked guar gum: synthesis, characterization and rheological behaviour. Carbohydrate Research. 
343: 3058–3065.

Barbucci, R., D. Pasqui, G. Giani, M. De Cagna, M. Fini, R. Giardino et al. 2011. A novel strategy for 
engineering hydrogels with ferromagnetic nanoparticles as crosslinkers of the polymer chains. Potential 
applications as a targeted drug delivery system. Soft Matter. 7: 5558.

Barbucci, R., R. Giardino, M. De Cagna, L. Golini and D. Pasqui. 2011. Inter-penetrating hydrogels 
(IPHs) as a new class of injectable polysaccharide hydrogels with thixotropic nature and interesting 
mechanical and biological properties. Soft Matter. 6: 3524–3532.

Barbucci, R. and D. Pasqui. 2013. Hydrogels: characteristics and properties. pp. 337–369. In: Migliaresi, C. 
and A. Motta (eds.). Scaffolds for Tissue Engineering: Biological Design, Materials and Fabrication. 
Pan Stanford Publishing, Singapore.

Barbucci, R., E. Spera, E. Armenia and V. Quagliariello. submitted for publication. CRC Press. Barnes, 
Howard A. 1997. Thixotropy a review. J. Non-Newtonian Fluid Mech. 70: 1–33.

Brule, S., M. Levy, C. Wilhelm, D. Letourneur, F. Gazeau, C. Menager et al. 2011. Doxorubicin release 
triggered by alginate embedded magnetic nanoheaters: a combined therapy. Adv. Mater. 23: 787–790.

Burke, N.A.D., H.D.H. Stover and F.P. Dawson. 2002. Magnetic nanocomposites: preparation and 
characterization of polymer-coated iron nanoparticles. Chem. Mater. 14: 4752.

Fig. 24. Endothelial cell number after 7 days incubation with MNP hydrogels (Finetti et al. Unpublished 
results). 
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