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Graphical Abstract 

 

Abstract 

The aim of this study was to evaluate the remineralization and collagen stabilization potential of carboxymethyl 

chitosan (CMC) with and without nano polydopamine (nPDA). Carboxymethyl chitosan (CMC) and nano 

polydopamine (nPDA) biomaterials were prepared from chitosan and L-DOPA respectively. nPDA was mixed 

with CMC and freeze dried to form a scaffold that was then immersed in SBF for 7 days, and characterized for 
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 their components, size and bioactivity using SEM-EDX, XRD and FTIR. For MMP inhibition activity, pulverized 

dentin slabs were demineralized, treated with solutions of CMC, nPDA and CMC-nPDA combination for one 

min; following which dentin protein supernatants were subjected to zymographic analysis. Further, demineralized 

dentin slabs pretreated with the respective solutions were subjected to bacterial collagenase digestion procedure 

for one and 16 hours, and evaluated under FESEM at 50x magnification for evaluation of dentinal tubules and 

intertubular dentin. To evaluate dentin mineralization potential, dentin slabs of 1x1 mm were prepared, 

demineralized by acid etching and immersed in solutions of CMC, nPDA and CMC-nPDA combination for 48 

hours. Baseline, demin and remin microhardness (MH) were checked using Vickers microhardness tester. MH 

data was statistically analysed using one way ANOVA and Games-Howell Post Hoc test. 

 CMC-nPDA scaffold showed apatite formation on the scaffold surface at 7 days, post immersion. All the 

three experimental solutions showed complete disappearance of collagenolytic enzyme bands characteristic of 

MMP-2 and MMP-9 inhibitory activity. FESEM evaluation showed complete resistance to bacterial collagenase 

digestion as opposed to the extensive collagen destruction in untreated dentin slabs. Amongst the test groups, 

CMC-PDA resulted in better collagen crosslinking than CMC and PDA, as evidenced with the presence of an 

increased intact demineralized dentin layer and preservation of adjacent dentinal tubules at both the tested time 

intervals. Regarding dentin mineralization, all experimental groups showed significantly higher microhardness 

values than the demin group (p<0.05). The combination solution CMC-nPDA showed significantly higher 

microhardness values post remineralization (p < 0.05) when compared to CMC and nPDA alone, with no 

significant differences among them (p > 0.05). All the groups showed no significant difference in their 

microhardness values when compared to the baseline values indicating remineralization of dentin slabs. 

 To conclude, the above experiments prove that CMC in combination with nPDA results in remineralization 

preserving the organic collagen, thus stabilizing the collagen for functional remineralization of demineralized 

dentin in vitro.  
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