
Accepted Manuscript

Title: Strengthening injectable thermo-sensitive
NIPAAm-g-chitosan hydrogels using chemical cross-linking
of disulfide bonds as scaffolds for tissue engineering

Authors: Shu-Wei Wu, Xifeng Liu, A. Lee Miller II,
Yu-Shiuan Cheng, Ming-Long Yeh, Lichun Lu

PII: S0144-8617(18)30311-4
DOI: https://doi.org/10.1016/j.carbpol.2018.03.047
Reference: CARP 13397

To appear in:

Received date: 13-10-2017
Revised date: 6-3-2018
Accepted date: 16-3-2018

Please cite this article as: Wu, Shu-Wei., Liu, Xifeng., Miller, A Lee.,
Cheng, Yu-Shiuan., Yeh, Ming-Long., & Lu, Lichun., Strengthening injectable
thermo-sensitive NIPAAm-g-chitosan hydrogels using chemical cross-linking of
disulfide bonds as scaffolds for tissue engineering.Carbohydrate Polymers
https://doi.org/10.1016/j.carbpol.2018.03.047

This is a PDF file of an unedited manuscript that has been accepted for publication.
As a service to our customers we are providing this early version of the manuscript.
The manuscript will undergo copyediting, typesetting, and review of the resulting proof
before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.

https://doi.org/10.1016/j.carbpol.2018.03.047
https://doi.org/10.1016/j.carbpol.2018.03.047


1 

 

Strengthening injectable thermo-sensitive NIPAAm-g-chitosan 
hydrogels using chemical cross-linking of disulfide bonds as scaffolds 
for tissue engineering 

Shu-Wei Wu1,2, Xifeng Liu1, A. Lee Miller II1, Yu-Shiuan Cheng1,2, Ming-Long Yeh2,3, and 
Lichun Lu1 

1 Department of Physiology and Biomedical Engineering and Department of Orthopedic Surgery, Mayo Clinic College of 
Medicine, Rochester, MN 55905, United States 
2 Department of Biomedical Engineering, National Cheng Kung University, Tainan 701, Taiwan 
3 Medical Device Innovation Center, National Cheng Kung University, Tainan 701, Taiwan 
 

Research highlights: 

 N-acetyl cysteine covalently conjugated with NIPAAm-g-chitosan hydrogel for thiols modification 
successfully. 

 With disulfide bonds cross-linking strategies, rheological and mechanical properties of synthesized 
hydrogels were significantly improved. 

 The physical characteristics of thermo-sensitive hydrogels such as swelling equilibrium, micro-appearance 
and LCST were tunable with thiol modification. 

 Thiol-modified NIPAAm-g-chitosan hydrogels maintained their biocompatibility without cytotoxicity in 
mesenchymal stem cells, fibroblasts, and osteoblasts. 

 

 

 

Abstract 

 In the present study, we fabricated non-toxic, injectable, and thermo-sensitive NIPAAm-g-chitosan (NC) 

hydrogels with thiol modification for introduction of disulfide cross-linking strategy. Previously, NIPAAm and 

chitosan copolymer has been proven to have excellent biocompatibility, biodegradability and rapid phase 

transition after injection, suitable to serve as cell carriers or implanted scaffolds. However, weak mechanical 

properties significantly limit their potential for biomedical fields. In order to overcome this issue, we incorporated 

thiol side chains into chitosan by covalently conjugating N-acetyl-cysteine (NAC) with carbodiimide chemistry to 

strengthen mechanical properties. After oxidation of thiols into disulfide bonds, modified NC hydrogels did 

improve the compressive modulus over 9 folds (11.4kPa). Oscillatory frequency sweep showed the positive 

correlation between storage modulus and cross-liking density as well. Additionally, there was no cytotoxicity 

observed to mesenchymal stem cells, fibroblasts and osteoblasts. We suggested that the thiol-modified thermo-

sensitive polysaccharide hydrogels are promising to be a cell-laden biomaterial for tissue regeneration. 
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