
V

Contents

Graphical Abstract xi
Foreword xiii
Preface xvii
Acknowledgments xix

Section I Historical Review of the Development of Natural 
Polymers 1 
References 3

Section II Polysaccharides for Biomedical Application 5

1 Sources, Structures, and Properties of Alginate 7
1.1 Alginate-Based Hydrogel for Biomedical Application 8
1.1.1 Drug and Cell Delivery 8
1.1.2 Cell and Organoid Culture 13
1.1.3 Tissue Regeneration 15
1.1.4 Other Applications 18
1.2 Alginate-Based Electrospinning for Biomedical Application 21
1.2.1 Drug Delivery 21
1.2.2 Tissue Regeneration 23
1.3 Alginate-Based 3D Printing for Biomedical Application 28
1.3.1 Alginate-Based Bio-Ink and Printing Strategies Improvement 28
1.3.2 Attempts at Bionic Matrix Ink 29

References 31

2 Sources, Structures, and Properties of Cellulose 39
2.1 Cellulose-Based Hydrogel for Biomedical Application 39
2.1.1 Drug Delivery 39
2.1.2 Cell and Organoid Culture 44
2.1.3 Tissue Regeneration 45
2.2 Cellulose-Based Electrospinning for Biomedical Application 49

https://d-nb.info/1323194215


vi Contents

2.2.1
2.2.2
2.2.3
2.3
2.3.1
2.3.2

Drug Delivery 49
Antibacterial 51
Tissue Regeneration 52
Cellulose-Based 3D Printing for Biomedical Application 55
Improvement of Bio-Ink 55
Bacteria and Cell Culture 57
References 59

3
3.1
3.1.1
3.1.2
3.1.3
3.1.4
3.2
3.2.1
3.2.2
3.3
3.3.1
3.3.2

Sources, Structures, and Properties of Hyaluronic Acid 65
Hyaluronic-Acid-Based Hydrogel for Biomedical Application 66
Cell and Organoids Culture 66
Cell Behaviors Regulation 67
Drug Delivery 70
Tissue Regeneration 71
Hyaluronic-Acid-Based Electrospinning for Biomedical Application 74
Drug Delivery and Antibacterial 74
Tissue Regeneration 75
Hyaluronic-Acid-Based 3D Printing for Biomedical Application 77
Cell and Organoid Culture 77
Tissue Regeneration 78
References 81

4
4.1
4.1.1
4.1.2
4.2
4.2.1
4.2.2
4.3
4.3.1
4.3.2
4.3.3

Sources, Structures, and Properties of Chitosan 85
Chitosan-Based Hydrogel for Biomedical Application 85
Cell and Organoid Culture 85
Tissue Regeneration 86
Chitosan-Based Electrospinning for Biomedical Application 91
Drug and Cell Delivery 91
Tissue Regeneration 92
Chitosan-Based 3D Printing for Biomedical Application 95
Cell Behavior Regulation 95
Drug Delivery 95
Tissue Regeneration 95
References 98

5 Sources, Structures, and Properties of Other
Polysaccharides 101

5.1
5.1.1
5.1.2
5.1.3
5.2

Other Polysaccharides-Based Hydrogel for Biomedical Application 102
Drug Delivery 102
Cell and Organoid Culture 103
Tissue Regeneration 104
Other Polysaccharides-Based Electrospinning for Biomedical
Application 107

5.2.1
5.2.2

Drug Delivery 107
Tissue Regeneration 107



Contents

5.3
5.3.1
5.3.2

Other Polysaccharides 3D Printing for Biomedical Application 109
Drug Delivery 109
Tissue Regeneration 109
References 110

6 Summary 113

Section III Polypeptides for Biomedical Application 115

7
7.1
7.1.1
7.1.2
7.1.3
7.1.4
7.2
7.2.1
7.2.2
7.3
7.3.1

Sources, Structures, and Properties of Collagen 117
Collagen-Based Hydrogel for Biomedical Application 117
Drug Delivery 117
Cell and Organoid Culture 119
Cell Behavior Regulation 119
Tissue Regeneration 120
Collagen-Based Electrospinning for Biomedical Application 121
Cell and Organoid Culture 121
Tissue Regeneration 122
Collagen-Based 3D Printing for Biomedical Application 122
Tissue Regeneration 122
References 124

8
8.1
8.1.1
8.1.2
8.1.3
8.2
8.2.1
8.2.2
8.3
8.3.1

Sources, Structures, and Properties of Gelatin 127
Gelatin-Based Hydrogel for Biomedical Application 127
Cell Culture and Behavior Regulation 127
Drug Delivery 129
Tissue Regeneration 129
Gelatin-Based Electrospinning for Biomedical Application 129
Cell Culture 129
Tissue Regeneration 130
Gelatin-Based 3D Printing for Biomedical Application 131
Tissue Regeneration 131
References 132

9
9.1
9.1.1
9.1.2
9.2
9.2.1
9.2.2
9.3
9.3.1

Sources, Structures, and Properties of Silk Fibroin 135
Silk-Fibroin-Based Hydrogel for Biomedical Application 135
Drug Delivery and Cell Culture 135
Tissue Regeneration 136
Silk-Fibroin-Based Electrospinning for Biomedical Application 137
Drug Delivery and Antibacterial 137
Tissue Regeneration 138
Silk-Fibroin-Based 3D Printing for Biomedical Application 138
Tissue Regeneration 138
References 139



viii Contents

10 Sources, Structures, and Properties of Other
Polypeptides 143

10.1
10.1.1
10.1.2
10.2

Other Polypeptides-Based Hydrogel for Biomedical Application 143
Cell Culture and Delivery 143
Tissue Engineering and Drug Delivery 144
Other Polypeptides-Based Electrospinning for Biomedical
Application 144

10.2.1
10.2.2
10.3
10.3.1
10.3.2

Drug Delivery 144
Tissue Regeneration 145
Other Polypeptides-Based 3D Printing for Biomedical Application 146
Cell and Organoid Culture 146
Tissue Regeneration 147
References 149

11 Summary 153

Section IV Other Kinds of Natural Polymers for Biomedical
Application 155

12
12.1
12.2
12.3

Sources, Structures, and Properties of Catechins 157
Catechins-Based Hydrogel for Biomedical Application 157
Catechins-Based Electrospinning for Biomedical Application 158
Catechins-Metal Complexes for Biomedical Application 158
References 159

13
13.1
13.2
13.3

Sources, Structures, and Properties of Quercetin 161
Quercetin-Based Hydrogel for Biomedical Application 161
Quercetin-Based Electrospinning for Biomedical Application 162
Quercetin-Metal Complexes for Biomedical Application 162
References 163

14
14.1
14.2
14.3

Sources, Structures, and Properties of Resveratrol 167
Resveratrol-Based Hydrogel for Biomedical Application 167
Resveratrol-Based Electrospinning for Biomedical Application 168
Resveratrol-Metal Complexes for Biomedical Application 169
References 170

15
15.1
15.2
15.3

Sources, Structures, and Properties of Curcumin 173
Curcumin-Based Hydrogel for Biomedical Application 173
Curcumin-Based Electrospinning for Biomedical Application 175
Curcumin-Metal Complexes for Biomedical Application 176
References 177



Contents ix

16 Summary 181
References 181

17 Conclusion and Outlook 183
References 184

Declaration of Competing Interest 187
Nomenclature 189
Index 191


