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Preface

Nanotechnology had matured significantly during the last two decades as it has
transitioned from benchtop science to applied technology. Understanding how the
intrinsic properties of nanomaterials translate to complex biological responses is an
area of intensive research. The challenge for nanomedicine is to utilize nanotech-
nology and develop innovative biocompatible nanomaterials that mimic tissue
characteristics, cause minimal inflammation and cell loss, and have the abilities to
function for a relative long period of time. Nevertheless, the application of
nanomaterials to basic and clinical neuroscience is only at an early stage. This
book is to overview the current strategies to use nanomaterials for brain disease
and to introduce several novel nanomaterials that have excellent potentials in this
field. With multiple functionalized modifications, nanomaterials are easy to traverse
blood-brain barrier, and they are capable of diagnosing or treating brain diseases.
Among these nanomaterials, nanozymes reduce oxidative stress via their intrinsic
enzyme-like activation. Magnetic nanomaterials are vital contrast agents for MRI
with their excellent magnetic orientation ability. Biomacromolecule-based
nanomaterials greatly improve therapeutic efficiency through their self-assembly
ability. Carbon-based nanomaterials are capable of forming a variety of special
structures due to their strength and toughness, which makes them become feasible
carrier for traditional drugs. Polymeric nanomaterials possess various properties that
are widely used in diagnosing and treating brain disease. This book provides
researchers, graduate students, and clinic practitioners with a cutting-edge and
comprehensive summary of research on nanomedicine and their potential applica-
tions in clinic. I sincerely thank all the chapter authors for their great contribution to
the book.

Tianjin, China Xue Xue

v



Acknowledgments

Wewish to express our appreciation to the editorial staff members at Springer Nature
for their professional and courteous guidance. Uma Maheswari Srinivasan, editorial
project manager, offered assistance throughout the entire process of this project, and
Lewis Liu also provided help for us. Of course, our greatest gratitude should be
given to our colleagues in the past year covering these ten chapters. Without their
hard work and enthusiasm, this contributed volume would have not been possible.

vii



Contents

1 Introduction: Nanomedicine in the Brain . . . . . . . . . . . . . . . . . . . . 1
Tian-Qi Li, Li-Wen Huang, and Xue Xue
1.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.2 Application of Nanomedicine . . . . . . . . . . . . . . . . . . . . . . . . . 3

1.2.1 Magnetic-Based Nanomaterials . . . . . . . . . . . . . . . . . 5
1.2.2 Carbon-Based Nanomaterials . . . . . . . . . . . . . . . . . . 5
1.2.3 Silicon-Based Nanomaterials . . . . . . . . . . . . . . . . . . . 6
1.2.4 Lipid-Based Nanomaterials . . . . . . . . . . . . . . . . . . . . 7
1.2.5 Rare-Earth Elements-Based Nanomaterials . . . . . . . . . 7
1.2.6 Quantum Dots . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
1.2.7 Metallic Organic Framework Compounds . . . . . . . . . 8
1.2.8 Others . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

1.3 Overview of Neuropsychiatric Disease . . . . . . . . . . . . . . . . . . 10
1.3.1 Neurological Disease . . . . . . . . . . . . . . . . . . . . . . . . 11
1.3.2 Psychiatric Disease . . . . . . . . . . . . . . . . . . . . . . . . . . 17

1.4 Conclusion and Perspective . . . . . . . . . . . . . . . . . . . . . . . . . . 19
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

2 The Strategies of Nanomaterials for Traversing
Blood-Brain Barrier . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29
Mohd Ahmar Rauf, Fawad Ur Rehman, Meng Zheng,
and Bingyang Shi
2.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30
2.2 BBB Structure and Passage Mechanism . . . . . . . . . . . . . . . . . 31
2.3 Different Strategies for Targeting of Drugs to the Brain . . . . . . 34
2.4 Convection-Enhanced Delivery (CED) . . . . . . . . . . . . . . . . . . 34
2.5 Intranasal Delivery to Bypass BBB . . . . . . . . . . . . . . . . . . . . 35
2.6 Employment of NPs for Drug Delivery into the Brain . . . . . . . 36
2.7 Aspects Affecting the Entry of NPs over the BBB . . . . . . . . . . 37

ix

https://doi.org/10.1007/978-981-13-8731-9_1
https://doi.org/10.1007/978-981-13-8731-9_1
https://doi.org/10.1007/978-981-13-8731-9_1
https://doi.org/10.1007/978-981-13-8731-9_1
https://doi.org/10.1007/978-981-13-8731-9_1
https://doi.org/10.1007/978-981-13-8731-9_1
https://doi.org/10.1007/978-981-13-8731-9_1#Sec1
https://doi.org/10.1007/978-981-13-8731-9_1#Sec1
https://doi.org/10.1007/978-981-13-8731-9_1#Sec1
https://doi.org/10.1007/978-981-13-8731-9_1#Sec1
https://doi.org/10.1007/978-981-13-8731-9_1#Sec1
https://doi.org/10.1007/978-981-13-8731-9_1#Sec2
https://doi.org/10.1007/978-981-13-8731-9_1#Sec2
https://doi.org/10.1007/978-981-13-8731-9_1#Sec2
https://doi.org/10.1007/978-981-13-8731-9_1#Sec2
https://doi.org/10.1007/978-981-13-8731-9_1#Sec2
https://doi.org/10.1007/978-981-13-8731-9_1#Sec3
https://doi.org/10.1007/978-981-13-8731-9_1#Sec3
https://doi.org/10.1007/978-981-13-8731-9_1#Sec3
https://doi.org/10.1007/978-981-13-8731-9_1#Sec3
https://doi.org/10.1007/978-981-13-8731-9_1#Sec3
https://doi.org/10.1007/978-981-13-8731-9_1#Sec3
https://doi.org/10.1007/978-981-13-8731-9_1#Sec4
https://doi.org/10.1007/978-981-13-8731-9_1#Sec4
https://doi.org/10.1007/978-981-13-8731-9_1#Sec4
https://doi.org/10.1007/978-981-13-8731-9_1#Sec4
https://doi.org/10.1007/978-981-13-8731-9_1#Sec4
https://doi.org/10.1007/978-981-13-8731-9_1#Sec4
https://doi.org/10.1007/978-981-13-8731-9_1#Sec5
https://doi.org/10.1007/978-981-13-8731-9_1#Sec5
https://doi.org/10.1007/978-981-13-8731-9_1#Sec5
https://doi.org/10.1007/978-981-13-8731-9_1#Sec5
https://doi.org/10.1007/978-981-13-8731-9_1#Sec5
https://doi.org/10.1007/978-981-13-8731-9_1#Sec5
https://doi.org/10.1007/978-981-13-8731-9_1#Sec6
https://doi.org/10.1007/978-981-13-8731-9_1#Sec6
https://doi.org/10.1007/978-981-13-8731-9_1#Sec6
https://doi.org/10.1007/978-981-13-8731-9_1#Sec6
https://doi.org/10.1007/978-981-13-8731-9_1#Sec6
https://doi.org/10.1007/978-981-13-8731-9_1#Sec6
https://doi.org/10.1007/978-981-13-8731-9_1#Sec7
https://doi.org/10.1007/978-981-13-8731-9_1#Sec7
https://doi.org/10.1007/978-981-13-8731-9_1#Sec7
https://doi.org/10.1007/978-981-13-8731-9_1#Sec7
https://doi.org/10.1007/978-981-13-8731-9_1#Sec7
https://doi.org/10.1007/978-981-13-8731-9_1#Sec7
https://doi.org/10.1007/978-981-13-8731-9_1#Sec8
https://doi.org/10.1007/978-981-13-8731-9_1#Sec8
https://doi.org/10.1007/978-981-13-8731-9_1#Sec8
https://doi.org/10.1007/978-981-13-8731-9_1#Sec8
https://doi.org/10.1007/978-981-13-8731-9_1#Sec8
https://doi.org/10.1007/978-981-13-8731-9_1#Sec8
https://doi.org/10.1007/978-981-13-8731-9_1#Sec9
https://doi.org/10.1007/978-981-13-8731-9_1#Sec9
https://doi.org/10.1007/978-981-13-8731-9_1#Sec9
https://doi.org/10.1007/978-981-13-8731-9_1#Sec9
https://doi.org/10.1007/978-981-13-8731-9_1#Sec9
https://doi.org/10.1007/978-981-13-8731-9_1#Sec9
https://doi.org/10.1007/978-981-13-8731-9_1#Sec10
https://doi.org/10.1007/978-981-13-8731-9_1#Sec10
https://doi.org/10.1007/978-981-13-8731-9_1#Sec10
https://doi.org/10.1007/978-981-13-8731-9_1#Sec10
https://doi.org/10.1007/978-981-13-8731-9_1#Sec10
https://doi.org/10.1007/978-981-13-8731-9_1#Sec10
https://doi.org/10.1007/978-981-13-8731-9_1#Sec11
https://doi.org/10.1007/978-981-13-8731-9_1#Sec11
https://doi.org/10.1007/978-981-13-8731-9_1#Sec11
https://doi.org/10.1007/978-981-13-8731-9_1#Sec11
https://doi.org/10.1007/978-981-13-8731-9_1#Sec11
https://doi.org/10.1007/978-981-13-8731-9_1#Sec12
https://doi.org/10.1007/978-981-13-8731-9_1#Sec12
https://doi.org/10.1007/978-981-13-8731-9_1#Sec12
https://doi.org/10.1007/978-981-13-8731-9_1#Sec12
https://doi.org/10.1007/978-981-13-8731-9_1#Sec12
https://doi.org/10.1007/978-981-13-8731-9_1#Sec12
https://doi.org/10.1007/978-981-13-8731-9_1#Sec18
https://doi.org/10.1007/978-981-13-8731-9_1#Sec18
https://doi.org/10.1007/978-981-13-8731-9_1#Sec18
https://doi.org/10.1007/978-981-13-8731-9_1#Sec18
https://doi.org/10.1007/978-981-13-8731-9_1#Sec18
https://doi.org/10.1007/978-981-13-8731-9_1#Sec18
https://doi.org/10.1007/978-981-13-8731-9_1#Sec22
https://doi.org/10.1007/978-981-13-8731-9_1#Sec22
https://doi.org/10.1007/978-981-13-8731-9_1#Sec22
https://doi.org/10.1007/978-981-13-8731-9_1#Sec22
https://doi.org/10.1007/978-981-13-8731-9_1#Sec22
https://doi.org/10.1007/978-981-13-8731-9_1#Bib1
https://doi.org/10.1007/978-981-13-8731-9_1#Bib1
https://doi.org/10.1007/978-981-13-8731-9_1#Bib1
https://doi.org/10.1007/978-981-13-8731-9_1#Bib1
https://doi.org/10.1007/978-981-13-8731-9_1#Bib1
https://doi.org/10.1007/978-981-13-8731-9_2
https://doi.org/10.1007/978-981-13-8731-9_2
https://doi.org/10.1007/978-981-13-8731-9_2
https://doi.org/10.1007/978-981-13-8731-9_2
https://doi.org/10.1007/978-981-13-8731-9_2
https://doi.org/10.1007/978-981-13-8731-9_2
https://doi.org/10.1007/978-981-13-8731-9_2
https://doi.org/10.1007/978-981-13-8731-9_2#Sec1
https://doi.org/10.1007/978-981-13-8731-9_2#Sec1
https://doi.org/10.1007/978-981-13-8731-9_2#Sec1
https://doi.org/10.1007/978-981-13-8731-9_2#Sec1
https://doi.org/10.1007/978-981-13-8731-9_2#Sec1
https://doi.org/10.1007/978-981-13-8731-9_2#Sec2
https://doi.org/10.1007/978-981-13-8731-9_2#Sec2
https://doi.org/10.1007/978-981-13-8731-9_2#Sec2
https://doi.org/10.1007/978-981-13-8731-9_2#Sec2
https://doi.org/10.1007/978-981-13-8731-9_2#Sec2
https://doi.org/10.1007/978-981-13-8731-9_2#Sec3
https://doi.org/10.1007/978-981-13-8731-9_2#Sec3
https://doi.org/10.1007/978-981-13-8731-9_2#Sec3
https://doi.org/10.1007/978-981-13-8731-9_2#Sec3
https://doi.org/10.1007/978-981-13-8731-9_2#Sec3
https://doi.org/10.1007/978-981-13-8731-9_2#Sec4
https://doi.org/10.1007/978-981-13-8731-9_2#Sec4
https://doi.org/10.1007/978-981-13-8731-9_2#Sec4
https://doi.org/10.1007/978-981-13-8731-9_2#Sec4
https://doi.org/10.1007/978-981-13-8731-9_2#Sec4
https://doi.org/10.1007/978-981-13-8731-9_2#Sec5
https://doi.org/10.1007/978-981-13-8731-9_2#Sec5
https://doi.org/10.1007/978-981-13-8731-9_2#Sec5
https://doi.org/10.1007/978-981-13-8731-9_2#Sec5
https://doi.org/10.1007/978-981-13-8731-9_2#Sec5
https://doi.org/10.1007/978-981-13-8731-9_2#Sec6
https://doi.org/10.1007/978-981-13-8731-9_2#Sec6
https://doi.org/10.1007/978-981-13-8731-9_2#Sec6
https://doi.org/10.1007/978-981-13-8731-9_2#Sec6
https://doi.org/10.1007/978-981-13-8731-9_2#Sec6
https://doi.org/10.1007/978-981-13-8731-9_2#Sec7
https://doi.org/10.1007/978-981-13-8731-9_2#Sec7
https://doi.org/10.1007/978-981-13-8731-9_2#Sec7
https://doi.org/10.1007/978-981-13-8731-9_2#Sec7
https://doi.org/10.1007/978-981-13-8731-9_2#Sec7


2.8 Different Types of Nanoparticles Employed to Cross BBB . . . . 39
2.8.1 Liposomes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39
2.8.2 Lipid-Based NPs . . . . . . . . . . . . . . . . . . . . . . . . . . . 41
2.8.3 Polymer-Based Nanocarriers Across the BBB . . . . . . . 41

2.9 Employment of Different siRNA-Based Deliveries . . . . . . . . . 43
2.9.1 Exosome-Based Delivery . . . . . . . . . . . . . . . . . . . . . 44
2.9.2 Employment of Cell-Penetrating Peptides (CPPs) . . . . 45
2.9.3 Other Types of NPs . . . . . . . . . . . . . . . . . . . . . . . . . 45

2.10 Mechanism of Nanoparticle Route to BBB . . . . . . . . . . . . . . . 47
2.11 Neurotoxicity of the Nanoparticles . . . . . . . . . . . . . . . . . . . . . 49
2.12 A Future Point of View . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50
2.13 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51

3 The Strategies of Nanomaterials for Drug Delivery
and Release . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59
Jinjin Wang, Qianqian Huang, and Xing-Jie Liang
3.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59
3.2 Nanopreparations for Brain Diseases . . . . . . . . . . . . . . . . . . . 61

3.2.1 Construction of Nanocarriers . . . . . . . . . . . . . . . . . . . 61
3.2.2 Types of Nanopreparations for Brain Disease . . . . . . . 62

3.3 Advances in Drug Delivery and Release Approaches
for Brain Diseases . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66
3.3.1 Controlled Nano Drug Delivery Systems . . . . . . . . . . 66
3.3.2 Targeted Nano Drug Delivery Systems . . . . . . . . . . . 66
3.3.3 Smart Response Nano Drug Delivery

and Release Systems . . . . . . . . . . . . . . . . . . . . . . . . . 72
3.3.4 Intranasal Drug Delivery Systems . . . . . . . . . . . . . . . 75

3.4 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76

4 The Strategies of Nanomaterials for Therapy . . . . . . . . . . . . . . . . . 83
Yang Du, Shuying Wang, Fangyuan Li, and Daishun Ling
4.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83
4.2 Nanomaterials for Brain Tumor Treatment . . . . . . . . . . . . . . . 84

4.2.1 Nanomaterial-Based Chemotherapy . . . . . . . . . . . . . . 84
4.2.2 Nanomaterial-Based Gene Therapy . . . . . . . . . . . . . . 85
4.2.3 Nanomaterial-Based Thermotherapy . . . . . . . . . . . . . 87
4.2.4 Nanomaterial-Based Photodynamic Therapy . . . . . . . . 88
4.2.5 Nanomaterial-Based Immunotherapy . . . . . . . . . . . . . 89

4.3 Nanomaterials for Alzheimer’s Disease Treatment . . . . . . . . . . 89
4.3.1 Nanomaterials for Drug Delivery . . . . . . . . . . . . . . . . 90
4.3.2 Nanomaterial-Based Metal Chelation Strategy . . . . . . 91
4.3.3 Nanomaterials for Antioxidant . . . . . . . . . . . . . . . . . . 93
4.3.4 Nanomaterial-Based Gene Therapy . . . . . . . . . . . . . . 94

x Contents

https://doi.org/10.1007/978-981-13-8731-9_2#Sec8
https://doi.org/10.1007/978-981-13-8731-9_2#Sec8
https://doi.org/10.1007/978-981-13-8731-9_2#Sec8
https://doi.org/10.1007/978-981-13-8731-9_2#Sec8
https://doi.org/10.1007/978-981-13-8731-9_2#Sec8
https://doi.org/10.1007/978-981-13-8731-9_2#Sec9
https://doi.org/10.1007/978-981-13-8731-9_2#Sec9
https://doi.org/10.1007/978-981-13-8731-9_2#Sec9
https://doi.org/10.1007/978-981-13-8731-9_2#Sec9
https://doi.org/10.1007/978-981-13-8731-9_2#Sec9
https://doi.org/10.1007/978-981-13-8731-9_2#Sec9
https://doi.org/10.1007/978-981-13-8731-9_2#Sec10
https://doi.org/10.1007/978-981-13-8731-9_2#Sec10
https://doi.org/10.1007/978-981-13-8731-9_2#Sec10
https://doi.org/10.1007/978-981-13-8731-9_2#Sec10
https://doi.org/10.1007/978-981-13-8731-9_2#Sec10
https://doi.org/10.1007/978-981-13-8731-9_2#Sec10
https://doi.org/10.1007/978-981-13-8731-9_2#Sec11
https://doi.org/10.1007/978-981-13-8731-9_2#Sec11
https://doi.org/10.1007/978-981-13-8731-9_2#Sec11
https://doi.org/10.1007/978-981-13-8731-9_2#Sec11
https://doi.org/10.1007/978-981-13-8731-9_2#Sec11
https://doi.org/10.1007/978-981-13-8731-9_2#Sec11
https://doi.org/10.1007/978-981-13-8731-9_2#Sec12
https://doi.org/10.1007/978-981-13-8731-9_2#Sec12
https://doi.org/10.1007/978-981-13-8731-9_2#Sec12
https://doi.org/10.1007/978-981-13-8731-9_2#Sec12
https://doi.org/10.1007/978-981-13-8731-9_2#Sec12
https://doi.org/10.1007/978-981-13-8731-9_2#Sec13
https://doi.org/10.1007/978-981-13-8731-9_2#Sec13
https://doi.org/10.1007/978-981-13-8731-9_2#Sec13
https://doi.org/10.1007/978-981-13-8731-9_2#Sec13
https://doi.org/10.1007/978-981-13-8731-9_2#Sec13
https://doi.org/10.1007/978-981-13-8731-9_2#Sec13
https://doi.org/10.1007/978-981-13-8731-9_2#Sec14
https://doi.org/10.1007/978-981-13-8731-9_2#Sec14
https://doi.org/10.1007/978-981-13-8731-9_2#Sec14
https://doi.org/10.1007/978-981-13-8731-9_2#Sec14
https://doi.org/10.1007/978-981-13-8731-9_2#Sec14
https://doi.org/10.1007/978-981-13-8731-9_2#Sec14
https://doi.org/10.1007/978-981-13-8731-9_2#Sec15
https://doi.org/10.1007/978-981-13-8731-9_2#Sec15
https://doi.org/10.1007/978-981-13-8731-9_2#Sec15
https://doi.org/10.1007/978-981-13-8731-9_2#Sec15
https://doi.org/10.1007/978-981-13-8731-9_2#Sec15
https://doi.org/10.1007/978-981-13-8731-9_2#Sec15
https://doi.org/10.1007/978-981-13-8731-9_2#Sec16
https://doi.org/10.1007/978-981-13-8731-9_2#Sec16
https://doi.org/10.1007/978-981-13-8731-9_2#Sec16
https://doi.org/10.1007/978-981-13-8731-9_2#Sec16
https://doi.org/10.1007/978-981-13-8731-9_2#Sec16
https://doi.org/10.1007/978-981-13-8731-9_2#Sec17
https://doi.org/10.1007/978-981-13-8731-9_2#Sec17
https://doi.org/10.1007/978-981-13-8731-9_2#Sec17
https://doi.org/10.1007/978-981-13-8731-9_2#Sec17
https://doi.org/10.1007/978-981-13-8731-9_2#Sec17
https://doi.org/10.1007/978-981-13-8731-9_2#Sec18
https://doi.org/10.1007/978-981-13-8731-9_2#Sec18
https://doi.org/10.1007/978-981-13-8731-9_2#Sec18
https://doi.org/10.1007/978-981-13-8731-9_2#Sec18
https://doi.org/10.1007/978-981-13-8731-9_2#Sec18
https://doi.org/10.1007/978-981-13-8731-9_2#Sec19
https://doi.org/10.1007/978-981-13-8731-9_2#Sec19
https://doi.org/10.1007/978-981-13-8731-9_2#Sec19
https://doi.org/10.1007/978-981-13-8731-9_2#Sec19
https://doi.org/10.1007/978-981-13-8731-9_2#Sec19
https://doi.org/10.1007/978-981-13-8731-9_2#Bib1
https://doi.org/10.1007/978-981-13-8731-9_2#Bib1
https://doi.org/10.1007/978-981-13-8731-9_2#Bib1
https://doi.org/10.1007/978-981-13-8731-9_2#Bib1
https://doi.org/10.1007/978-981-13-8731-9_2#Bib1
https://doi.org/10.1007/978-981-13-8731-9_3
https://doi.org/10.1007/978-981-13-8731-9_3
https://doi.org/10.1007/978-981-13-8731-9_3
https://doi.org/10.1007/978-981-13-8731-9_3
https://doi.org/10.1007/978-981-13-8731-9_3
https://doi.org/10.1007/978-981-13-8731-9_3
https://doi.org/10.1007/978-981-13-8731-9_3
https://doi.org/10.1007/978-981-13-8731-9_3#Sec1
https://doi.org/10.1007/978-981-13-8731-9_3#Sec1
https://doi.org/10.1007/978-981-13-8731-9_3#Sec1
https://doi.org/10.1007/978-981-13-8731-9_3#Sec1
https://doi.org/10.1007/978-981-13-8731-9_3#Sec1
https://doi.org/10.1007/978-981-13-8731-9_3#Sec2
https://doi.org/10.1007/978-981-13-8731-9_3#Sec2
https://doi.org/10.1007/978-981-13-8731-9_3#Sec2
https://doi.org/10.1007/978-981-13-8731-9_3#Sec2
https://doi.org/10.1007/978-981-13-8731-9_3#Sec2
https://doi.org/10.1007/978-981-13-8731-9_3#Sec3
https://doi.org/10.1007/978-981-13-8731-9_3#Sec3
https://doi.org/10.1007/978-981-13-8731-9_3#Sec3
https://doi.org/10.1007/978-981-13-8731-9_3#Sec3
https://doi.org/10.1007/978-981-13-8731-9_3#Sec3
https://doi.org/10.1007/978-981-13-8731-9_3#Sec3
https://doi.org/10.1007/978-981-13-8731-9_3#Sec4
https://doi.org/10.1007/978-981-13-8731-9_3#Sec4
https://doi.org/10.1007/978-981-13-8731-9_3#Sec4
https://doi.org/10.1007/978-981-13-8731-9_3#Sec4
https://doi.org/10.1007/978-981-13-8731-9_3#Sec4
https://doi.org/10.1007/978-981-13-8731-9_3#Sec4
https://doi.org/10.1007/978-981-13-8731-9_3#Sec10
https://doi.org/10.1007/978-981-13-8731-9_3#Sec10
https://doi.org/10.1007/978-981-13-8731-9_3#Sec10
https://doi.org/10.1007/978-981-13-8731-9_3#Sec10
https://doi.org/10.1007/978-981-13-8731-9_3#Sec10
https://doi.org/10.1007/978-981-13-8731-9_3#Sec10
https://doi.org/10.1007/978-981-13-8731-9_3#Sec11
https://doi.org/10.1007/978-981-13-8731-9_3#Sec11
https://doi.org/10.1007/978-981-13-8731-9_3#Sec11
https://doi.org/10.1007/978-981-13-8731-9_3#Sec11
https://doi.org/10.1007/978-981-13-8731-9_3#Sec11
https://doi.org/10.1007/978-981-13-8731-9_3#Sec11
https://doi.org/10.1007/978-981-13-8731-9_3#Sec12
https://doi.org/10.1007/978-981-13-8731-9_3#Sec12
https://doi.org/10.1007/978-981-13-8731-9_3#Sec12
https://doi.org/10.1007/978-981-13-8731-9_3#Sec12
https://doi.org/10.1007/978-981-13-8731-9_3#Sec12
https://doi.org/10.1007/978-981-13-8731-9_3#Sec12
https://doi.org/10.1007/978-981-13-8731-9_3#Sec21
https://doi.org/10.1007/978-981-13-8731-9_3#Sec21
https://doi.org/10.1007/978-981-13-8731-9_3#Sec21
https://doi.org/10.1007/978-981-13-8731-9_3#Sec21
https://doi.org/10.1007/978-981-13-8731-9_3#Sec21
https://doi.org/10.1007/978-981-13-8731-9_3#Sec21
https://doi.org/10.1007/978-981-13-8731-9_3#Sec21
https://doi.org/10.1007/978-981-13-8731-9_3#Sec26
https://doi.org/10.1007/978-981-13-8731-9_3#Sec26
https://doi.org/10.1007/978-981-13-8731-9_3#Sec26
https://doi.org/10.1007/978-981-13-8731-9_3#Sec26
https://doi.org/10.1007/978-981-13-8731-9_3#Sec26
https://doi.org/10.1007/978-981-13-8731-9_3#Sec26
https://doi.org/10.1007/978-981-13-8731-9_3#Sec27
https://doi.org/10.1007/978-981-13-8731-9_3#Sec27
https://doi.org/10.1007/978-981-13-8731-9_3#Sec27
https://doi.org/10.1007/978-981-13-8731-9_3#Sec27
https://doi.org/10.1007/978-981-13-8731-9_3#Sec27
https://doi.org/10.1007/978-981-13-8731-9_3#Bib1
https://doi.org/10.1007/978-981-13-8731-9_3#Bib1
https://doi.org/10.1007/978-981-13-8731-9_3#Bib1
https://doi.org/10.1007/978-981-13-8731-9_3#Bib1
https://doi.org/10.1007/978-981-13-8731-9_3#Bib1
https://doi.org/10.1007/978-981-13-8731-9_4
https://doi.org/10.1007/978-981-13-8731-9_4
https://doi.org/10.1007/978-981-13-8731-9_4
https://doi.org/10.1007/978-981-13-8731-9_4
https://doi.org/10.1007/978-981-13-8731-9_4
https://doi.org/10.1007/978-981-13-8731-9_4
https://doi.org/10.1007/978-981-13-8731-9_4#Sec1
https://doi.org/10.1007/978-981-13-8731-9_4#Sec1
https://doi.org/10.1007/978-981-13-8731-9_4#Sec1
https://doi.org/10.1007/978-981-13-8731-9_4#Sec1
https://doi.org/10.1007/978-981-13-8731-9_4#Sec1
https://doi.org/10.1007/978-981-13-8731-9_4#Sec2
https://doi.org/10.1007/978-981-13-8731-9_4#Sec2
https://doi.org/10.1007/978-981-13-8731-9_4#Sec2
https://doi.org/10.1007/978-981-13-8731-9_4#Sec2
https://doi.org/10.1007/978-981-13-8731-9_4#Sec2
https://doi.org/10.1007/978-981-13-8731-9_4#Sec3
https://doi.org/10.1007/978-981-13-8731-9_4#Sec3
https://doi.org/10.1007/978-981-13-8731-9_4#Sec3
https://doi.org/10.1007/978-981-13-8731-9_4#Sec3
https://doi.org/10.1007/978-981-13-8731-9_4#Sec3
https://doi.org/10.1007/978-981-13-8731-9_4#Sec3
https://doi.org/10.1007/978-981-13-8731-9_4#Sec4
https://doi.org/10.1007/978-981-13-8731-9_4#Sec4
https://doi.org/10.1007/978-981-13-8731-9_4#Sec4
https://doi.org/10.1007/978-981-13-8731-9_4#Sec4
https://doi.org/10.1007/978-981-13-8731-9_4#Sec4
https://doi.org/10.1007/978-981-13-8731-9_4#Sec4
https://doi.org/10.1007/978-981-13-8731-9_4#Sec5
https://doi.org/10.1007/978-981-13-8731-9_4#Sec5
https://doi.org/10.1007/978-981-13-8731-9_4#Sec5
https://doi.org/10.1007/978-981-13-8731-9_4#Sec5
https://doi.org/10.1007/978-981-13-8731-9_4#Sec5
https://doi.org/10.1007/978-981-13-8731-9_4#Sec5
https://doi.org/10.1007/978-981-13-8731-9_4#Sec6
https://doi.org/10.1007/978-981-13-8731-9_4#Sec6
https://doi.org/10.1007/978-981-13-8731-9_4#Sec6
https://doi.org/10.1007/978-981-13-8731-9_4#Sec6
https://doi.org/10.1007/978-981-13-8731-9_4#Sec6
https://doi.org/10.1007/978-981-13-8731-9_4#Sec6
https://doi.org/10.1007/978-981-13-8731-9_4#Sec7
https://doi.org/10.1007/978-981-13-8731-9_4#Sec7
https://doi.org/10.1007/978-981-13-8731-9_4#Sec7
https://doi.org/10.1007/978-981-13-8731-9_4#Sec7
https://doi.org/10.1007/978-981-13-8731-9_4#Sec7
https://doi.org/10.1007/978-981-13-8731-9_4#Sec7
https://doi.org/10.1007/978-981-13-8731-9_4#Sec8
https://doi.org/10.1007/978-981-13-8731-9_4#Sec8
https://doi.org/10.1007/978-981-13-8731-9_4#Sec8
https://doi.org/10.1007/978-981-13-8731-9_4#Sec8
https://doi.org/10.1007/978-981-13-8731-9_4#Sec8
https://doi.org/10.1007/978-981-13-8731-9_4#Sec9
https://doi.org/10.1007/978-981-13-8731-9_4#Sec9
https://doi.org/10.1007/978-981-13-8731-9_4#Sec9
https://doi.org/10.1007/978-981-13-8731-9_4#Sec9
https://doi.org/10.1007/978-981-13-8731-9_4#Sec9
https://doi.org/10.1007/978-981-13-8731-9_4#Sec9
https://doi.org/10.1007/978-981-13-8731-9_4#Sec14
https://doi.org/10.1007/978-981-13-8731-9_4#Sec14
https://doi.org/10.1007/978-981-13-8731-9_4#Sec14
https://doi.org/10.1007/978-981-13-8731-9_4#Sec14
https://doi.org/10.1007/978-981-13-8731-9_4#Sec14
https://doi.org/10.1007/978-981-13-8731-9_4#Sec14
https://doi.org/10.1007/978-981-13-8731-9_4#Sec18
https://doi.org/10.1007/978-981-13-8731-9_4#Sec18
https://doi.org/10.1007/978-981-13-8731-9_4#Sec18
https://doi.org/10.1007/978-981-13-8731-9_4#Sec18
https://doi.org/10.1007/978-981-13-8731-9_4#Sec18
https://doi.org/10.1007/978-981-13-8731-9_4#Sec18
https://doi.org/10.1007/978-981-13-8731-9_4#Sec21
https://doi.org/10.1007/978-981-13-8731-9_4#Sec21
https://doi.org/10.1007/978-981-13-8731-9_4#Sec21
https://doi.org/10.1007/978-981-13-8731-9_4#Sec21
https://doi.org/10.1007/978-981-13-8731-9_4#Sec21
https://doi.org/10.1007/978-981-13-8731-9_4#Sec21


4.3.5 Nanomaterial-Based Immunotherapy . . . . . . . . . . . . . 95
4.4 Nanomaterials for Parkinson’s Disease Treatment . . . . . . . . . . 96

4.4.1 Nanomaterials for Dopamine Replacement . . . . . . . . . 97
4.4.2 Nanomaterials for Dopaminergic Agonist Delivery . . . 97
4.4.3 Nanomaterials for Growth Factor and Peptides

Delivery . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99
4.4.4 Nanomaterial-Based Gene Therapy . . . . . . . . . . . . . . 100

4.5 Nanomaterials for Stroke Treatment . . . . . . . . . . . . . . . . . . . . 101
4.5.1 Nanomaterials for Thrombolysis . . . . . . . . . . . . . . . . 102
4.5.2 Nanomaterials for Neuroprotection . . . . . . . . . . . . . . 103
4.5.3 Nanomaterial-Based Gene Therapy . . . . . . . . . . . . . . 105

4.6 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 106
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 106

5 Overcoming the Physiopathologic Barriers:
Nanoprobes-Mediated Intracranial Glioma Imaging . . . . . . . . . . . . 115
Heng Liu, Yu Liu, Fengyuan Man, and Gang Liu
5.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 116
5.2 Critical Biological Challenges Facing Intracranial Glioma . . . . 117
5.3 Strategies for Bypassing and Crossing BBB . . . . . . . . . . . . . . 118
5.4 Advantages of Nanomaterials for Glioma Imaging . . . . . . . . . . 119
5.5 Applications of Nanoprobes for Intracranial Glioma

Imaging . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 120
5.5.1 Magnetic Resonance Imaging . . . . . . . . . . . . . . . . . . 121
5.5.2 Photoacoustic Imaging . . . . . . . . . . . . . . . . . . . . . . . 125
5.5.3 Fluorescence Imaging . . . . . . . . . . . . . . . . . . . . . . . . 127
5.5.4 Multimodal Imaging . . . . . . . . . . . . . . . . . . . . . . . . . 129
5.5.5 Intraoperative Glioma Margin Delineation . . . . . . . . . 132

5.6 Challenges and Perspectives . . . . . . . . . . . . . . . . . . . . . . . . . . 134
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 135

6 The Advances of Nanozyme in Brain Disease . . . . . . . . . . . . . . . . . 139
Ruofei Zhang, Xiyun Yan, and Kelong Fan
6.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 139
6.2 ROS-Mediated Oxidative Stress and Its Role

in Neurological Diseases . . . . . . . . . . . . . . . . . . . . . . . . . . . . 141
6.3 Nanozymes with Antioxidant Activity . . . . . . . . . . . . . . . . . . 144

6.3.1 Nanozymes with SOD-Like Activity . . . . . . . . . . . . . 145
6.3.2 Nanozymes with Catalase-Like Activity . . . . . . . . . . . 150
6.3.3 Nanozymes with Multiple Antioxidant

Enzyme-Like Activities . . . . . . . . . . . . . . . . . . . . . . 155
6.4 Nanozymes Used for the Treatment of Neurological

Diseases . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 158
6.4.1 Application of Nanozymes in Neuroprotection . . . . . . 158
6.4.2 Application of Nanozymes in Alzheimer’s Disease . . . 163

Contents xi

https://doi.org/10.1007/978-981-13-8731-9_4#Sec22
https://doi.org/10.1007/978-981-13-8731-9_4#Sec22
https://doi.org/10.1007/978-981-13-8731-9_4#Sec22
https://doi.org/10.1007/978-981-13-8731-9_4#Sec22
https://doi.org/10.1007/978-981-13-8731-9_4#Sec22
https://doi.org/10.1007/978-981-13-8731-9_4#Sec22
https://doi.org/10.1007/978-981-13-8731-9_4#Sec23
https://doi.org/10.1007/978-981-13-8731-9_4#Sec23
https://doi.org/10.1007/978-981-13-8731-9_4#Sec23
https://doi.org/10.1007/978-981-13-8731-9_4#Sec23
https://doi.org/10.1007/978-981-13-8731-9_4#Sec23
https://doi.org/10.1007/978-981-13-8731-9_4#Sec24
https://doi.org/10.1007/978-981-13-8731-9_4#Sec24
https://doi.org/10.1007/978-981-13-8731-9_4#Sec24
https://doi.org/10.1007/978-981-13-8731-9_4#Sec24
https://doi.org/10.1007/978-981-13-8731-9_4#Sec24
https://doi.org/10.1007/978-981-13-8731-9_4#Sec24
https://doi.org/10.1007/978-981-13-8731-9_4#Sec25
https://doi.org/10.1007/978-981-13-8731-9_4#Sec25
https://doi.org/10.1007/978-981-13-8731-9_4#Sec25
https://doi.org/10.1007/978-981-13-8731-9_4#Sec25
https://doi.org/10.1007/978-981-13-8731-9_4#Sec25
https://doi.org/10.1007/978-981-13-8731-9_4#Sec25
https://doi.org/10.1007/978-981-13-8731-9_4#Sec26
https://doi.org/10.1007/978-981-13-8731-9_4#Sec26
https://doi.org/10.1007/978-981-13-8731-9_4#Sec26
https://doi.org/10.1007/978-981-13-8731-9_4#Sec26
https://doi.org/10.1007/978-981-13-8731-9_4#Sec26
https://doi.org/10.1007/978-981-13-8731-9_4#Sec26
https://doi.org/10.1007/978-981-13-8731-9_4#Sec26
https://doi.org/10.1007/978-981-13-8731-9_4#Sec29
https://doi.org/10.1007/978-981-13-8731-9_4#Sec29
https://doi.org/10.1007/978-981-13-8731-9_4#Sec29
https://doi.org/10.1007/978-981-13-8731-9_4#Sec29
https://doi.org/10.1007/978-981-13-8731-9_4#Sec29
https://doi.org/10.1007/978-981-13-8731-9_4#Sec29
https://doi.org/10.1007/978-981-13-8731-9_4#Sec30
https://doi.org/10.1007/978-981-13-8731-9_4#Sec30
https://doi.org/10.1007/978-981-13-8731-9_4#Sec30
https://doi.org/10.1007/978-981-13-8731-9_4#Sec30
https://doi.org/10.1007/978-981-13-8731-9_4#Sec30
https://doi.org/10.1007/978-981-13-8731-9_4#Sec31
https://doi.org/10.1007/978-981-13-8731-9_4#Sec31
https://doi.org/10.1007/978-981-13-8731-9_4#Sec31
https://doi.org/10.1007/978-981-13-8731-9_4#Sec31
https://doi.org/10.1007/978-981-13-8731-9_4#Sec31
https://doi.org/10.1007/978-981-13-8731-9_4#Sec31
https://doi.org/10.1007/978-981-13-8731-9_4#Sec34
https://doi.org/10.1007/978-981-13-8731-9_4#Sec34
https://doi.org/10.1007/978-981-13-8731-9_4#Sec34
https://doi.org/10.1007/978-981-13-8731-9_4#Sec34
https://doi.org/10.1007/978-981-13-8731-9_4#Sec34
https://doi.org/10.1007/978-981-13-8731-9_4#Sec34
https://doi.org/10.1007/978-981-13-8731-9_4#Sec38
https://doi.org/10.1007/978-981-13-8731-9_4#Sec38
https://doi.org/10.1007/978-981-13-8731-9_4#Sec38
https://doi.org/10.1007/978-981-13-8731-9_4#Sec38
https://doi.org/10.1007/978-981-13-8731-9_4#Sec38
https://doi.org/10.1007/978-981-13-8731-9_4#Sec38
https://doi.org/10.1007/978-981-13-8731-9_4#Sec39
https://doi.org/10.1007/978-981-13-8731-9_4#Sec39
https://doi.org/10.1007/978-981-13-8731-9_4#Sec39
https://doi.org/10.1007/978-981-13-8731-9_4#Sec39
https://doi.org/10.1007/978-981-13-8731-9_4#Sec39
https://doi.org/10.1007/978-981-13-8731-9_4#Bib1
https://doi.org/10.1007/978-981-13-8731-9_4#Bib1
https://doi.org/10.1007/978-981-13-8731-9_4#Bib1
https://doi.org/10.1007/978-981-13-8731-9_4#Bib1
https://doi.org/10.1007/978-981-13-8731-9_4#Bib1
https://doi.org/10.1007/978-981-13-8731-9_5
https://doi.org/10.1007/978-981-13-8731-9_5
https://doi.org/10.1007/978-981-13-8731-9_5
https://doi.org/10.1007/978-981-13-8731-9_5
https://doi.org/10.1007/978-981-13-8731-9_5
https://doi.org/10.1007/978-981-13-8731-9_5
https://doi.org/10.1007/978-981-13-8731-9_5
https://doi.org/10.1007/978-981-13-8731-9_5#Sec1
https://doi.org/10.1007/978-981-13-8731-9_5#Sec1
https://doi.org/10.1007/978-981-13-8731-9_5#Sec1
https://doi.org/10.1007/978-981-13-8731-9_5#Sec1
https://doi.org/10.1007/978-981-13-8731-9_5#Sec1
https://doi.org/10.1007/978-981-13-8731-9_5#Sec2
https://doi.org/10.1007/978-981-13-8731-9_5#Sec2
https://doi.org/10.1007/978-981-13-8731-9_5#Sec2
https://doi.org/10.1007/978-981-13-8731-9_5#Sec2
https://doi.org/10.1007/978-981-13-8731-9_5#Sec2
https://doi.org/10.1007/978-981-13-8731-9_5#Sec3
https://doi.org/10.1007/978-981-13-8731-9_5#Sec3
https://doi.org/10.1007/978-981-13-8731-9_5#Sec3
https://doi.org/10.1007/978-981-13-8731-9_5#Sec3
https://doi.org/10.1007/978-981-13-8731-9_5#Sec3
https://doi.org/10.1007/978-981-13-8731-9_5#Sec4
https://doi.org/10.1007/978-981-13-8731-9_5#Sec4
https://doi.org/10.1007/978-981-13-8731-9_5#Sec4
https://doi.org/10.1007/978-981-13-8731-9_5#Sec4
https://doi.org/10.1007/978-981-13-8731-9_5#Sec4
https://doi.org/10.1007/978-981-13-8731-9_5#Sec5
https://doi.org/10.1007/978-981-13-8731-9_5#Sec5
https://doi.org/10.1007/978-981-13-8731-9_5#Sec5
https://doi.org/10.1007/978-981-13-8731-9_5#Sec5
https://doi.org/10.1007/978-981-13-8731-9_5#Sec5
https://doi.org/10.1007/978-981-13-8731-9_5#Sec5
https://doi.org/10.1007/978-981-13-8731-9_5#Sec6
https://doi.org/10.1007/978-981-13-8731-9_5#Sec6
https://doi.org/10.1007/978-981-13-8731-9_5#Sec6
https://doi.org/10.1007/978-981-13-8731-9_5#Sec6
https://doi.org/10.1007/978-981-13-8731-9_5#Sec6
https://doi.org/10.1007/978-981-13-8731-9_5#Sec6
https://doi.org/10.1007/978-981-13-8731-9_5#Sec7
https://doi.org/10.1007/978-981-13-8731-9_5#Sec7
https://doi.org/10.1007/978-981-13-8731-9_5#Sec7
https://doi.org/10.1007/978-981-13-8731-9_5#Sec7
https://doi.org/10.1007/978-981-13-8731-9_5#Sec7
https://doi.org/10.1007/978-981-13-8731-9_5#Sec7
https://doi.org/10.1007/978-981-13-8731-9_5#Sec8
https://doi.org/10.1007/978-981-13-8731-9_5#Sec8
https://doi.org/10.1007/978-981-13-8731-9_5#Sec8
https://doi.org/10.1007/978-981-13-8731-9_5#Sec8
https://doi.org/10.1007/978-981-13-8731-9_5#Sec8
https://doi.org/10.1007/978-981-13-8731-9_5#Sec8
https://doi.org/10.1007/978-981-13-8731-9_5#Sec9
https://doi.org/10.1007/978-981-13-8731-9_5#Sec9
https://doi.org/10.1007/978-981-13-8731-9_5#Sec9
https://doi.org/10.1007/978-981-13-8731-9_5#Sec9
https://doi.org/10.1007/978-981-13-8731-9_5#Sec9
https://doi.org/10.1007/978-981-13-8731-9_5#Sec9
https://doi.org/10.1007/978-981-13-8731-9_5#Sec10
https://doi.org/10.1007/978-981-13-8731-9_5#Sec10
https://doi.org/10.1007/978-981-13-8731-9_5#Sec10
https://doi.org/10.1007/978-981-13-8731-9_5#Sec10
https://doi.org/10.1007/978-981-13-8731-9_5#Sec10
https://doi.org/10.1007/978-981-13-8731-9_5#Sec10
https://doi.org/10.1007/978-981-13-8731-9_5#Sec11
https://doi.org/10.1007/978-981-13-8731-9_5#Sec11
https://doi.org/10.1007/978-981-13-8731-9_5#Sec11
https://doi.org/10.1007/978-981-13-8731-9_5#Sec11
https://doi.org/10.1007/978-981-13-8731-9_5#Sec11
https://doi.org/10.1007/978-981-13-8731-9_5#Bib1
https://doi.org/10.1007/978-981-13-8731-9_5#Bib1
https://doi.org/10.1007/978-981-13-8731-9_5#Bib1
https://doi.org/10.1007/978-981-13-8731-9_5#Bib1
https://doi.org/10.1007/978-981-13-8731-9_5#Bib1
https://doi.org/10.1007/978-981-13-8731-9_6
https://doi.org/10.1007/978-981-13-8731-9_6
https://doi.org/10.1007/978-981-13-8731-9_6
https://doi.org/10.1007/978-981-13-8731-9_6
https://doi.org/10.1007/978-981-13-8731-9_6
https://doi.org/10.1007/978-981-13-8731-9_6
https://doi.org/10.1007/978-981-13-8731-9_6#Sec1
https://doi.org/10.1007/978-981-13-8731-9_6#Sec1
https://doi.org/10.1007/978-981-13-8731-9_6#Sec1
https://doi.org/10.1007/978-981-13-8731-9_6#Sec1
https://doi.org/10.1007/978-981-13-8731-9_6#Sec1
https://doi.org/10.1007/978-981-13-8731-9_6#Sec2
https://doi.org/10.1007/978-981-13-8731-9_6#Sec2
https://doi.org/10.1007/978-981-13-8731-9_6#Sec2
https://doi.org/10.1007/978-981-13-8731-9_6#Sec2
https://doi.org/10.1007/978-981-13-8731-9_6#Sec2
https://doi.org/10.1007/978-981-13-8731-9_6#Sec2
https://doi.org/10.1007/978-981-13-8731-9_6#Sec3
https://doi.org/10.1007/978-981-13-8731-9_6#Sec3
https://doi.org/10.1007/978-981-13-8731-9_6#Sec3
https://doi.org/10.1007/978-981-13-8731-9_6#Sec3
https://doi.org/10.1007/978-981-13-8731-9_6#Sec3
https://doi.org/10.1007/978-981-13-8731-9_6#Sec4
https://doi.org/10.1007/978-981-13-8731-9_6#Sec4
https://doi.org/10.1007/978-981-13-8731-9_6#Sec4
https://doi.org/10.1007/978-981-13-8731-9_6#Sec4
https://doi.org/10.1007/978-981-13-8731-9_6#Sec4
https://doi.org/10.1007/978-981-13-8731-9_6#Sec4
https://doi.org/10.1007/978-981-13-8731-9_6#Sec9
https://doi.org/10.1007/978-981-13-8731-9_6#Sec9
https://doi.org/10.1007/978-981-13-8731-9_6#Sec9
https://doi.org/10.1007/978-981-13-8731-9_6#Sec9
https://doi.org/10.1007/978-981-13-8731-9_6#Sec9
https://doi.org/10.1007/978-981-13-8731-9_6#Sec9
https://doi.org/10.1007/978-981-13-8731-9_6#Sec14
https://doi.org/10.1007/978-981-13-8731-9_6#Sec14
https://doi.org/10.1007/978-981-13-8731-9_6#Sec14
https://doi.org/10.1007/978-981-13-8731-9_6#Sec14
https://doi.org/10.1007/978-981-13-8731-9_6#Sec14
https://doi.org/10.1007/978-981-13-8731-9_6#Sec14
https://doi.org/10.1007/978-981-13-8731-9_6#Sec14
https://doi.org/10.1007/978-981-13-8731-9_6#Sec16
https://doi.org/10.1007/978-981-13-8731-9_6#Sec16
https://doi.org/10.1007/978-981-13-8731-9_6#Sec16
https://doi.org/10.1007/978-981-13-8731-9_6#Sec16
https://doi.org/10.1007/978-981-13-8731-9_6#Sec16
https://doi.org/10.1007/978-981-13-8731-9_6#Sec16
https://doi.org/10.1007/978-981-13-8731-9_6#Sec17
https://doi.org/10.1007/978-981-13-8731-9_6#Sec17
https://doi.org/10.1007/978-981-13-8731-9_6#Sec17
https://doi.org/10.1007/978-981-13-8731-9_6#Sec17
https://doi.org/10.1007/978-981-13-8731-9_6#Sec17
https://doi.org/10.1007/978-981-13-8731-9_6#Sec17
https://doi.org/10.1007/978-981-13-8731-9_6#Sec18
https://doi.org/10.1007/978-981-13-8731-9_6#Sec18
https://doi.org/10.1007/978-981-13-8731-9_6#Sec18
https://doi.org/10.1007/978-981-13-8731-9_6#Sec18
https://doi.org/10.1007/978-981-13-8731-9_6#Sec18
https://doi.org/10.1007/978-981-13-8731-9_6#Sec18


6.4.3 Application of Nanozymes in Cerebral Ischemia . . . . . 168
6.4.4 Application of Nanozymes in Parkinson’s Disease . . . 170
6.4.5 Application of Nanozymes in Multiple Sclerosis . . . . . 171

6.5 Challenges and Perspectives . . . . . . . . . . . . . . . . . . . . . . . . . . 171
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 173

7 The Advances of Biomacromolecule-based Nanomedicine
in Brain Disease . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 181
Yuhua Weng and Yuanyu Huang
7.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 181
7.2 Key Constraint Factors for Biomacromolecule Delivery

into the Brain . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 182
7.2.1 Blood-Brain Barrier (BBB) . . . . . . . . . . . . . . . . . . . . 182
7.2.2 Blood Cerebrospinal Fluid Barrier (BCFB)

and Blood Tumor Barrier (BTB) . . . . . . . . . . . . . . . . 183
7.2.3 Drug Diffusion in the Brain . . . . . . . . . . . . . . . . . . . . 183

7.3 Strategies for Biomacromolecular Nanomedicine Delivery
into the Brain . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 184
7.3.1 Direct Injections . . . . . . . . . . . . . . . . . . . . . . . . . . . . 184
7.3.2 Convection-Enhanced Delivery (CED) . . . . . . . . . . . . 185
7.3.3 Intranasal Administration . . . . . . . . . . . . . . . . . . . . . 185
7.3.4 Oral Administration . . . . . . . . . . . . . . . . . . . . . . . . . 186
7.3.5 BBB Disruption . . . . . . . . . . . . . . . . . . . . . . . . . . . . 186
7.3.6 Ultrasound and Microbubble with Nanoparticles . . . . . 187
7.3.7 Targeted Brain Delivery . . . . . . . . . . . . . . . . . . . . . . 187

7.4 Preclinical and Clinical Advances of Biomacromolecular
Nanomedicines for Brain Disease Treatment . . . . . . . . . . . . . . 188
7.4.1 Protein-Based Nanomedicine . . . . . . . . . . . . . . . . . . . 188
7.4.2 Enzyme-Based Nanomedicine . . . . . . . . . . . . . . . . . . 189
7.4.3 Peptide-Based Nanomedicine . . . . . . . . . . . . . . . . . . 192
7.4.4 Antibody-Based Nanomedicine . . . . . . . . . . . . . . . . . 193
7.4.5 Nucleic Acid-Based Nanomedicine . . . . . . . . . . . . . . 196

7.5 Concerns over Biomacromolecular Nanomedicines . . . . . . . . . 199
7.6 Conclusion and Prospective . . . . . . . . . . . . . . . . . . . . . . . . . . 200
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 200

8 Carbon-Based Nanomedicine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 209
Peng Zhang, Ming Zhang, and Jia Geng
8.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 209
8.2 Application . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 210

8.2.1 Drug Carrier . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 210
8.2.2 Gene Carrier . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 211
8.2.3 Photodynamic Therapy (PDT) and Photothermal

Therapy (PTT) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 213
8.2.4 Imaging Agent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 214

xii Contents

https://doi.org/10.1007/978-981-13-8731-9_6#Sec19
https://doi.org/10.1007/978-981-13-8731-9_6#Sec19
https://doi.org/10.1007/978-981-13-8731-9_6#Sec19
https://doi.org/10.1007/978-981-13-8731-9_6#Sec19
https://doi.org/10.1007/978-981-13-8731-9_6#Sec19
https://doi.org/10.1007/978-981-13-8731-9_6#Sec19
https://doi.org/10.1007/978-981-13-8731-9_6#Sec20
https://doi.org/10.1007/978-981-13-8731-9_6#Sec20
https://doi.org/10.1007/978-981-13-8731-9_6#Sec20
https://doi.org/10.1007/978-981-13-8731-9_6#Sec20
https://doi.org/10.1007/978-981-13-8731-9_6#Sec20
https://doi.org/10.1007/978-981-13-8731-9_6#Sec20
https://doi.org/10.1007/978-981-13-8731-9_6#Sec21
https://doi.org/10.1007/978-981-13-8731-9_6#Sec21
https://doi.org/10.1007/978-981-13-8731-9_6#Sec21
https://doi.org/10.1007/978-981-13-8731-9_6#Sec21
https://doi.org/10.1007/978-981-13-8731-9_6#Sec21
https://doi.org/10.1007/978-981-13-8731-9_6#Sec21
https://doi.org/10.1007/978-981-13-8731-9_6#Sec22
https://doi.org/10.1007/978-981-13-8731-9_6#Sec22
https://doi.org/10.1007/978-981-13-8731-9_6#Sec22
https://doi.org/10.1007/978-981-13-8731-9_6#Sec22
https://doi.org/10.1007/978-981-13-8731-9_6#Sec22
https://doi.org/10.1007/978-981-13-8731-9_6#Bib1
https://doi.org/10.1007/978-981-13-8731-9_6#Bib1
https://doi.org/10.1007/978-981-13-8731-9_6#Bib1
https://doi.org/10.1007/978-981-13-8731-9_6#Bib1
https://doi.org/10.1007/978-981-13-8731-9_6#Bib1
https://doi.org/10.1007/978-981-13-8731-9_7
https://doi.org/10.1007/978-981-13-8731-9_7
https://doi.org/10.1007/978-981-13-8731-9_7
https://doi.org/10.1007/978-981-13-8731-9_7
https://doi.org/10.1007/978-981-13-8731-9_7
https://doi.org/10.1007/978-981-13-8731-9_7
https://doi.org/10.1007/978-981-13-8731-9_7
https://doi.org/10.1007/978-981-13-8731-9_7#Sec1
https://doi.org/10.1007/978-981-13-8731-9_7#Sec1
https://doi.org/10.1007/978-981-13-8731-9_7#Sec1
https://doi.org/10.1007/978-981-13-8731-9_7#Sec1
https://doi.org/10.1007/978-981-13-8731-9_7#Sec1
https://doi.org/10.1007/978-981-13-8731-9_7#Sec2
https://doi.org/10.1007/978-981-13-8731-9_7#Sec2
https://doi.org/10.1007/978-981-13-8731-9_7#Sec2
https://doi.org/10.1007/978-981-13-8731-9_7#Sec2
https://doi.org/10.1007/978-981-13-8731-9_7#Sec2
https://doi.org/10.1007/978-981-13-8731-9_7#Sec2
https://doi.org/10.1007/978-981-13-8731-9_7#Sec3
https://doi.org/10.1007/978-981-13-8731-9_7#Sec3
https://doi.org/10.1007/978-981-13-8731-9_7#Sec3
https://doi.org/10.1007/978-981-13-8731-9_7#Sec3
https://doi.org/10.1007/978-981-13-8731-9_7#Sec3
https://doi.org/10.1007/978-981-13-8731-9_7#Sec3
https://doi.org/10.1007/978-981-13-8731-9_7#Sec4
https://doi.org/10.1007/978-981-13-8731-9_7#Sec4
https://doi.org/10.1007/978-981-13-8731-9_7#Sec4
https://doi.org/10.1007/978-981-13-8731-9_7#Sec4
https://doi.org/10.1007/978-981-13-8731-9_7#Sec4
https://doi.org/10.1007/978-981-13-8731-9_7#Sec4
https://doi.org/10.1007/978-981-13-8731-9_7#Sec4
https://doi.org/10.1007/978-981-13-8731-9_7#Sec5
https://doi.org/10.1007/978-981-13-8731-9_7#Sec5
https://doi.org/10.1007/978-981-13-8731-9_7#Sec5
https://doi.org/10.1007/978-981-13-8731-9_7#Sec5
https://doi.org/10.1007/978-981-13-8731-9_7#Sec5
https://doi.org/10.1007/978-981-13-8731-9_7#Sec5
https://doi.org/10.1007/978-981-13-8731-9_7#Sec6
https://doi.org/10.1007/978-981-13-8731-9_7#Sec6
https://doi.org/10.1007/978-981-13-8731-9_7#Sec6
https://doi.org/10.1007/978-981-13-8731-9_7#Sec6
https://doi.org/10.1007/978-981-13-8731-9_7#Sec6
https://doi.org/10.1007/978-981-13-8731-9_7#Sec6
https://doi.org/10.1007/978-981-13-8731-9_7#Sec7
https://doi.org/10.1007/978-981-13-8731-9_7#Sec7
https://doi.org/10.1007/978-981-13-8731-9_7#Sec7
https://doi.org/10.1007/978-981-13-8731-9_7#Sec7
https://doi.org/10.1007/978-981-13-8731-9_7#Sec7
https://doi.org/10.1007/978-981-13-8731-9_7#Sec7
https://doi.org/10.1007/978-981-13-8731-9_7#Sec8
https://doi.org/10.1007/978-981-13-8731-9_7#Sec8
https://doi.org/10.1007/978-981-13-8731-9_7#Sec8
https://doi.org/10.1007/978-981-13-8731-9_7#Sec8
https://doi.org/10.1007/978-981-13-8731-9_7#Sec8
https://doi.org/10.1007/978-981-13-8731-9_7#Sec8
https://doi.org/10.1007/978-981-13-8731-9_7#Sec9
https://doi.org/10.1007/978-981-13-8731-9_7#Sec9
https://doi.org/10.1007/978-981-13-8731-9_7#Sec9
https://doi.org/10.1007/978-981-13-8731-9_7#Sec9
https://doi.org/10.1007/978-981-13-8731-9_7#Sec9
https://doi.org/10.1007/978-981-13-8731-9_7#Sec9
https://doi.org/10.1007/978-981-13-8731-9_7#Sec10
https://doi.org/10.1007/978-981-13-8731-9_7#Sec10
https://doi.org/10.1007/978-981-13-8731-9_7#Sec10
https://doi.org/10.1007/978-981-13-8731-9_7#Sec10
https://doi.org/10.1007/978-981-13-8731-9_7#Sec10
https://doi.org/10.1007/978-981-13-8731-9_7#Sec10
https://doi.org/10.1007/978-981-13-8731-9_7#Sec11
https://doi.org/10.1007/978-981-13-8731-9_7#Sec11
https://doi.org/10.1007/978-981-13-8731-9_7#Sec11
https://doi.org/10.1007/978-981-13-8731-9_7#Sec11
https://doi.org/10.1007/978-981-13-8731-9_7#Sec11
https://doi.org/10.1007/978-981-13-8731-9_7#Sec11
https://doi.org/10.1007/978-981-13-8731-9_7#Sec12
https://doi.org/10.1007/978-981-13-8731-9_7#Sec12
https://doi.org/10.1007/978-981-13-8731-9_7#Sec12
https://doi.org/10.1007/978-981-13-8731-9_7#Sec12
https://doi.org/10.1007/978-981-13-8731-9_7#Sec12
https://doi.org/10.1007/978-981-13-8731-9_7#Sec12
https://doi.org/10.1007/978-981-13-8731-9_7#Sec13
https://doi.org/10.1007/978-981-13-8731-9_7#Sec13
https://doi.org/10.1007/978-981-13-8731-9_7#Sec13
https://doi.org/10.1007/978-981-13-8731-9_7#Sec13
https://doi.org/10.1007/978-981-13-8731-9_7#Sec13
https://doi.org/10.1007/978-981-13-8731-9_7#Sec13
https://doi.org/10.1007/978-981-13-8731-9_7#Sec14
https://doi.org/10.1007/978-981-13-8731-9_7#Sec14
https://doi.org/10.1007/978-981-13-8731-9_7#Sec14
https://doi.org/10.1007/978-981-13-8731-9_7#Sec14
https://doi.org/10.1007/978-981-13-8731-9_7#Sec14
https://doi.org/10.1007/978-981-13-8731-9_7#Sec14
https://doi.org/10.1007/978-981-13-8731-9_7#Sec15
https://doi.org/10.1007/978-981-13-8731-9_7#Sec15
https://doi.org/10.1007/978-981-13-8731-9_7#Sec15
https://doi.org/10.1007/978-981-13-8731-9_7#Sec15
https://doi.org/10.1007/978-981-13-8731-9_7#Sec15
https://doi.org/10.1007/978-981-13-8731-9_7#Sec15
https://doi.org/10.1007/978-981-13-8731-9_7#Sec16
https://doi.org/10.1007/978-981-13-8731-9_7#Sec16
https://doi.org/10.1007/978-981-13-8731-9_7#Sec16
https://doi.org/10.1007/978-981-13-8731-9_7#Sec16
https://doi.org/10.1007/978-981-13-8731-9_7#Sec16
https://doi.org/10.1007/978-981-13-8731-9_7#Sec16
https://doi.org/10.1007/978-981-13-8731-9_7#Sec17
https://doi.org/10.1007/978-981-13-8731-9_7#Sec17
https://doi.org/10.1007/978-981-13-8731-9_7#Sec17
https://doi.org/10.1007/978-981-13-8731-9_7#Sec17
https://doi.org/10.1007/978-981-13-8731-9_7#Sec17
https://doi.org/10.1007/978-981-13-8731-9_7#Sec17
https://doi.org/10.1007/978-981-13-8731-9_7#Sec18
https://doi.org/10.1007/978-981-13-8731-9_7#Sec18
https://doi.org/10.1007/978-981-13-8731-9_7#Sec18
https://doi.org/10.1007/978-981-13-8731-9_7#Sec18
https://doi.org/10.1007/978-981-13-8731-9_7#Sec18
https://doi.org/10.1007/978-981-13-8731-9_7#Sec18
https://doi.org/10.1007/978-981-13-8731-9_7#Sec19
https://doi.org/10.1007/978-981-13-8731-9_7#Sec19
https://doi.org/10.1007/978-981-13-8731-9_7#Sec19
https://doi.org/10.1007/978-981-13-8731-9_7#Sec19
https://doi.org/10.1007/978-981-13-8731-9_7#Sec19
https://doi.org/10.1007/978-981-13-8731-9_7#Sec19
https://doi.org/10.1007/978-981-13-8731-9_7#Sec24
https://doi.org/10.1007/978-981-13-8731-9_7#Sec24
https://doi.org/10.1007/978-981-13-8731-9_7#Sec24
https://doi.org/10.1007/978-981-13-8731-9_7#Sec24
https://doi.org/10.1007/978-981-13-8731-9_7#Sec24
https://doi.org/10.1007/978-981-13-8731-9_7#Sec25
https://doi.org/10.1007/978-981-13-8731-9_7#Sec25
https://doi.org/10.1007/978-981-13-8731-9_7#Sec25
https://doi.org/10.1007/978-981-13-8731-9_7#Sec25
https://doi.org/10.1007/978-981-13-8731-9_7#Sec25
https://doi.org/10.1007/978-981-13-8731-9_7#Bib1
https://doi.org/10.1007/978-981-13-8731-9_7#Bib1
https://doi.org/10.1007/978-981-13-8731-9_7#Bib1
https://doi.org/10.1007/978-981-13-8731-9_7#Bib1
https://doi.org/10.1007/978-981-13-8731-9_7#Bib1
https://doi.org/10.1007/978-981-13-8731-9_8
https://doi.org/10.1007/978-981-13-8731-9_8
https://doi.org/10.1007/978-981-13-8731-9_8
https://doi.org/10.1007/978-981-13-8731-9_8
https://doi.org/10.1007/978-981-13-8731-9_8
https://doi.org/10.1007/978-981-13-8731-9_8
https://doi.org/10.1007/978-981-13-8731-9_8#Sec1
https://doi.org/10.1007/978-981-13-8731-9_8#Sec1
https://doi.org/10.1007/978-981-13-8731-9_8#Sec1
https://doi.org/10.1007/978-981-13-8731-9_8#Sec1
https://doi.org/10.1007/978-981-13-8731-9_8#Sec1
https://doi.org/10.1007/978-981-13-8731-9_8#Sec2
https://doi.org/10.1007/978-981-13-8731-9_8#Sec2
https://doi.org/10.1007/978-981-13-8731-9_8#Sec2
https://doi.org/10.1007/978-981-13-8731-9_8#Sec2
https://doi.org/10.1007/978-981-13-8731-9_8#Sec2
https://doi.org/10.1007/978-981-13-8731-9_8#Sec3
https://doi.org/10.1007/978-981-13-8731-9_8#Sec3
https://doi.org/10.1007/978-981-13-8731-9_8#Sec3
https://doi.org/10.1007/978-981-13-8731-9_8#Sec3
https://doi.org/10.1007/978-981-13-8731-9_8#Sec3
https://doi.org/10.1007/978-981-13-8731-9_8#Sec3
https://doi.org/10.1007/978-981-13-8731-9_8#Sec4
https://doi.org/10.1007/978-981-13-8731-9_8#Sec4
https://doi.org/10.1007/978-981-13-8731-9_8#Sec4
https://doi.org/10.1007/978-981-13-8731-9_8#Sec4
https://doi.org/10.1007/978-981-13-8731-9_8#Sec4
https://doi.org/10.1007/978-981-13-8731-9_8#Sec4
https://doi.org/10.1007/978-981-13-8731-9_8#Sec5
https://doi.org/10.1007/978-981-13-8731-9_8#Sec5
https://doi.org/10.1007/978-981-13-8731-9_8#Sec5
https://doi.org/10.1007/978-981-13-8731-9_8#Sec5
https://doi.org/10.1007/978-981-13-8731-9_8#Sec5
https://doi.org/10.1007/978-981-13-8731-9_8#Sec5
https://doi.org/10.1007/978-981-13-8731-9_8#Sec5
https://doi.org/10.1007/978-981-13-8731-9_8#Sec6
https://doi.org/10.1007/978-981-13-8731-9_8#Sec6
https://doi.org/10.1007/978-981-13-8731-9_8#Sec6
https://doi.org/10.1007/978-981-13-8731-9_8#Sec6
https://doi.org/10.1007/978-981-13-8731-9_8#Sec6
https://doi.org/10.1007/978-981-13-8731-9_8#Sec6


8.3 Pharmacodynamics and Metabolism . . . . . . . . . . . . . . . . . . . . 217
8.3.1 Delivery to the Brain . . . . . . . . . . . . . . . . . . . . . . . . 217
8.3.2 Toxicological Characteristics . . . . . . . . . . . . . . . . . . . 218
8.3.3 Drug Release . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 219

8.4 Diagnosis and Treatment . . . . . . . . . . . . . . . . . . . . . . . . . . . . 221
8.4.1 Neurodegenerative Disease . . . . . . . . . . . . . . . . . . . . 221
8.4.2 Tumor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 221
8.4.3 Acute Hyperglycemia . . . . . . . . . . . . . . . . . . . . . . . . 223

8.5 Biodistribution of Carbon Nanomaterials . . . . . . . . . . . . . . . . 224
8.5.1 Brain Distribution . . . . . . . . . . . . . . . . . . . . . . . . . . . 224
8.5.2 Body Distribution . . . . . . . . . . . . . . . . . . . . . . . . . . . 226

8.6 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 228
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 228

9 Polymeric Nanomedicine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 233
Yu Zhao, Chunxiong Zheng, and Yang Liu
9.1 Introduction: Polymeric Nanomedicine and Polymeric

Nanoparticles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 233
9.2 Various Polymeric Nanoparticles . . . . . . . . . . . . . . . . . . . . . . 235

9.2.1 Polymeric Micelles . . . . . . . . . . . . . . . . . . . . . . . . . . 235
9.2.2 Core-Shell Nanocarriers . . . . . . . . . . . . . . . . . . . . . . 237
9.2.3 Nanospheres . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 239
9.2.4 Nanocapsules . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 242
9.2.5 Dendrimers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 243
9.2.6 Nanogels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 245

9.3 The Application of Polymeric Nanomedicine in Brain
Disease . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 246
9.3.1 Brain Cancers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 246
9.3.2 Alzheimer’s Disease . . . . . . . . . . . . . . . . . . . . . . . . . 250
9.3.3 Cerebral Amyloid Angiopathy (CAA) . . . . . . . . . . . . 255
9.3.4 Parkinson’s Disease (PD) . . . . . . . . . . . . . . . . . . . . . 256
9.3.5 Stroke . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 259
9.3.6 Multiple Sclerosis . . . . . . . . . . . . . . . . . . . . . . . . . . . 262

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 262

10 Magnetic Nanomedicine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 269
M. Zubair Iqbal, Gohar Ijaz Dar, Israt Ali, and Aiguo Wu
10.1 Nanomaterials . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 270
10.2 Magnetic Nanoparticles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 271
10.3 Synthesis Method of MNPs . . . . . . . . . . . . . . . . . . . . . . . . . . 275

10.3.1 Ball Milling Method . . . . . . . . . . . . . . . . . . . . . . . . . 276
10.3.2 Chemical Methods . . . . . . . . . . . . . . . . . . . . . . . . . . 278
10.3.3 Coprecipitation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 278
10.3.4 Thermal Decomposition . . . . . . . . . . . . . . . . . . . . . . 279
10.3.5 Hydrothermal Synthesis . . . . . . . . . . . . . . . . . . . . . . 280

Contents xiii

https://doi.org/10.1007/978-981-13-8731-9_8#Sec7
https://doi.org/10.1007/978-981-13-8731-9_8#Sec7
https://doi.org/10.1007/978-981-13-8731-9_8#Sec7
https://doi.org/10.1007/978-981-13-8731-9_8#Sec7
https://doi.org/10.1007/978-981-13-8731-9_8#Sec7
https://doi.org/10.1007/978-981-13-8731-9_8#Sec8
https://doi.org/10.1007/978-981-13-8731-9_8#Sec8
https://doi.org/10.1007/978-981-13-8731-9_8#Sec8
https://doi.org/10.1007/978-981-13-8731-9_8#Sec8
https://doi.org/10.1007/978-981-13-8731-9_8#Sec8
https://doi.org/10.1007/978-981-13-8731-9_8#Sec8
https://doi.org/10.1007/978-981-13-8731-9_8#Sec9
https://doi.org/10.1007/978-981-13-8731-9_8#Sec9
https://doi.org/10.1007/978-981-13-8731-9_8#Sec9
https://doi.org/10.1007/978-981-13-8731-9_8#Sec9
https://doi.org/10.1007/978-981-13-8731-9_8#Sec9
https://doi.org/10.1007/978-981-13-8731-9_8#Sec9
https://doi.org/10.1007/978-981-13-8731-9_8#Sec10
https://doi.org/10.1007/978-981-13-8731-9_8#Sec10
https://doi.org/10.1007/978-981-13-8731-9_8#Sec10
https://doi.org/10.1007/978-981-13-8731-9_8#Sec10
https://doi.org/10.1007/978-981-13-8731-9_8#Sec10
https://doi.org/10.1007/978-981-13-8731-9_8#Sec10
https://doi.org/10.1007/978-981-13-8731-9_8#Sec11
https://doi.org/10.1007/978-981-13-8731-9_8#Sec11
https://doi.org/10.1007/978-981-13-8731-9_8#Sec11
https://doi.org/10.1007/978-981-13-8731-9_8#Sec11
https://doi.org/10.1007/978-981-13-8731-9_8#Sec11
https://doi.org/10.1007/978-981-13-8731-9_8#Sec12
https://doi.org/10.1007/978-981-13-8731-9_8#Sec12
https://doi.org/10.1007/978-981-13-8731-9_8#Sec12
https://doi.org/10.1007/978-981-13-8731-9_8#Sec12
https://doi.org/10.1007/978-981-13-8731-9_8#Sec12
https://doi.org/10.1007/978-981-13-8731-9_8#Sec12
https://doi.org/10.1007/978-981-13-8731-9_8#Sec13
https://doi.org/10.1007/978-981-13-8731-9_8#Sec13
https://doi.org/10.1007/978-981-13-8731-9_8#Sec13
https://doi.org/10.1007/978-981-13-8731-9_8#Sec13
https://doi.org/10.1007/978-981-13-8731-9_8#Sec13
https://doi.org/10.1007/978-981-13-8731-9_8#Sec13
https://doi.org/10.1007/978-981-13-8731-9_8#Sec14
https://doi.org/10.1007/978-981-13-8731-9_8#Sec14
https://doi.org/10.1007/978-981-13-8731-9_8#Sec14
https://doi.org/10.1007/978-981-13-8731-9_8#Sec14
https://doi.org/10.1007/978-981-13-8731-9_8#Sec14
https://doi.org/10.1007/978-981-13-8731-9_8#Sec14
https://doi.org/10.1007/978-981-13-8731-9_8#Sec15
https://doi.org/10.1007/978-981-13-8731-9_8#Sec15
https://doi.org/10.1007/978-981-13-8731-9_8#Sec15
https://doi.org/10.1007/978-981-13-8731-9_8#Sec15
https://doi.org/10.1007/978-981-13-8731-9_8#Sec15
https://doi.org/10.1007/978-981-13-8731-9_8#Sec16
https://doi.org/10.1007/978-981-13-8731-9_8#Sec16
https://doi.org/10.1007/978-981-13-8731-9_8#Sec16
https://doi.org/10.1007/978-981-13-8731-9_8#Sec16
https://doi.org/10.1007/978-981-13-8731-9_8#Sec16
https://doi.org/10.1007/978-981-13-8731-9_8#Sec16
https://doi.org/10.1007/978-981-13-8731-9_8#Sec17
https://doi.org/10.1007/978-981-13-8731-9_8#Sec17
https://doi.org/10.1007/978-981-13-8731-9_8#Sec17
https://doi.org/10.1007/978-981-13-8731-9_8#Sec17
https://doi.org/10.1007/978-981-13-8731-9_8#Sec17
https://doi.org/10.1007/978-981-13-8731-9_8#Sec17
https://doi.org/10.1007/978-981-13-8731-9_8#Sec18
https://doi.org/10.1007/978-981-13-8731-9_8#Sec18
https://doi.org/10.1007/978-981-13-8731-9_8#Sec18
https://doi.org/10.1007/978-981-13-8731-9_8#Sec18
https://doi.org/10.1007/978-981-13-8731-9_8#Sec18
https://doi.org/10.1007/978-981-13-8731-9_8#Bib1
https://doi.org/10.1007/978-981-13-8731-9_8#Bib1
https://doi.org/10.1007/978-981-13-8731-9_8#Bib1
https://doi.org/10.1007/978-981-13-8731-9_8#Bib1
https://doi.org/10.1007/978-981-13-8731-9_8#Bib1
https://doi.org/10.1007/978-981-13-8731-9_9
https://doi.org/10.1007/978-981-13-8731-9_9
https://doi.org/10.1007/978-981-13-8731-9_9
https://doi.org/10.1007/978-981-13-8731-9_9
https://doi.org/10.1007/978-981-13-8731-9_9
https://doi.org/10.1007/978-981-13-8731-9_9
https://doi.org/10.1007/978-981-13-8731-9_9#Sec1
https://doi.org/10.1007/978-981-13-8731-9_9#Sec1
https://doi.org/10.1007/978-981-13-8731-9_9#Sec1
https://doi.org/10.1007/978-981-13-8731-9_9#Sec1
https://doi.org/10.1007/978-981-13-8731-9_9#Sec1
https://doi.org/10.1007/978-981-13-8731-9_9#Sec1
https://doi.org/10.1007/978-981-13-8731-9_9#Sec2
https://doi.org/10.1007/978-981-13-8731-9_9#Sec2
https://doi.org/10.1007/978-981-13-8731-9_9#Sec2
https://doi.org/10.1007/978-981-13-8731-9_9#Sec2
https://doi.org/10.1007/978-981-13-8731-9_9#Sec2
https://doi.org/10.1007/978-981-13-8731-9_9#Sec3
https://doi.org/10.1007/978-981-13-8731-9_9#Sec3
https://doi.org/10.1007/978-981-13-8731-9_9#Sec3
https://doi.org/10.1007/978-981-13-8731-9_9#Sec3
https://doi.org/10.1007/978-981-13-8731-9_9#Sec3
https://doi.org/10.1007/978-981-13-8731-9_9#Sec3
https://doi.org/10.1007/978-981-13-8731-9_9#Sec4
https://doi.org/10.1007/978-981-13-8731-9_9#Sec4
https://doi.org/10.1007/978-981-13-8731-9_9#Sec4
https://doi.org/10.1007/978-981-13-8731-9_9#Sec4
https://doi.org/10.1007/978-981-13-8731-9_9#Sec4
https://doi.org/10.1007/978-981-13-8731-9_9#Sec4
https://doi.org/10.1007/978-981-13-8731-9_9#Sec5
https://doi.org/10.1007/978-981-13-8731-9_9#Sec5
https://doi.org/10.1007/978-981-13-8731-9_9#Sec5
https://doi.org/10.1007/978-981-13-8731-9_9#Sec5
https://doi.org/10.1007/978-981-13-8731-9_9#Sec5
https://doi.org/10.1007/978-981-13-8731-9_9#Sec5
https://doi.org/10.1007/978-981-13-8731-9_9#Sec9
https://doi.org/10.1007/978-981-13-8731-9_9#Sec9
https://doi.org/10.1007/978-981-13-8731-9_9#Sec9
https://doi.org/10.1007/978-981-13-8731-9_9#Sec9
https://doi.org/10.1007/978-981-13-8731-9_9#Sec9
https://doi.org/10.1007/978-981-13-8731-9_9#Sec9
https://doi.org/10.1007/978-981-13-8731-9_9#Sec10
https://doi.org/10.1007/978-981-13-8731-9_9#Sec10
https://doi.org/10.1007/978-981-13-8731-9_9#Sec10
https://doi.org/10.1007/978-981-13-8731-9_9#Sec10
https://doi.org/10.1007/978-981-13-8731-9_9#Sec10
https://doi.org/10.1007/978-981-13-8731-9_9#Sec10
https://doi.org/10.1007/978-981-13-8731-9_9#Sec11
https://doi.org/10.1007/978-981-13-8731-9_9#Sec11
https://doi.org/10.1007/978-981-13-8731-9_9#Sec11
https://doi.org/10.1007/978-981-13-8731-9_9#Sec11
https://doi.org/10.1007/978-981-13-8731-9_9#Sec11
https://doi.org/10.1007/978-981-13-8731-9_9#Sec11
https://doi.org/10.1007/978-981-13-8731-9_9#Sec12
https://doi.org/10.1007/978-981-13-8731-9_9#Sec12
https://doi.org/10.1007/978-981-13-8731-9_9#Sec12
https://doi.org/10.1007/978-981-13-8731-9_9#Sec12
https://doi.org/10.1007/978-981-13-8731-9_9#Sec12
https://doi.org/10.1007/978-981-13-8731-9_9#Sec12
https://doi.org/10.1007/978-981-13-8731-9_9#Sec13
https://doi.org/10.1007/978-981-13-8731-9_9#Sec13
https://doi.org/10.1007/978-981-13-8731-9_9#Sec13
https://doi.org/10.1007/978-981-13-8731-9_9#Sec13
https://doi.org/10.1007/978-981-13-8731-9_9#Sec13
https://doi.org/10.1007/978-981-13-8731-9_9#Sec13
https://doi.org/10.1007/978-981-13-8731-9_9#Sec14
https://doi.org/10.1007/978-981-13-8731-9_9#Sec14
https://doi.org/10.1007/978-981-13-8731-9_9#Sec14
https://doi.org/10.1007/978-981-13-8731-9_9#Sec14
https://doi.org/10.1007/978-981-13-8731-9_9#Sec14
https://doi.org/10.1007/978-981-13-8731-9_9#Sec14
https://doi.org/10.1007/978-981-13-8731-9_9#Sec15
https://doi.org/10.1007/978-981-13-8731-9_9#Sec15
https://doi.org/10.1007/978-981-13-8731-9_9#Sec15
https://doi.org/10.1007/978-981-13-8731-9_9#Sec15
https://doi.org/10.1007/978-981-13-8731-9_9#Sec15
https://doi.org/10.1007/978-981-13-8731-9_9#Sec15
https://doi.org/10.1007/978-981-13-8731-9_9#Sec16
https://doi.org/10.1007/978-981-13-8731-9_9#Sec16
https://doi.org/10.1007/978-981-13-8731-9_9#Sec16
https://doi.org/10.1007/978-981-13-8731-9_9#Sec16
https://doi.org/10.1007/978-981-13-8731-9_9#Sec16
https://doi.org/10.1007/978-981-13-8731-9_9#Sec16
https://doi.org/10.1007/978-981-13-8731-9_9#Sec17
https://doi.org/10.1007/978-981-13-8731-9_9#Sec17
https://doi.org/10.1007/978-981-13-8731-9_9#Sec17
https://doi.org/10.1007/978-981-13-8731-9_9#Sec17
https://doi.org/10.1007/978-981-13-8731-9_9#Sec17
https://doi.org/10.1007/978-981-13-8731-9_9#Sec17
https://doi.org/10.1007/978-981-13-8731-9_9#Sec18
https://doi.org/10.1007/978-981-13-8731-9_9#Sec18
https://doi.org/10.1007/978-981-13-8731-9_9#Sec18
https://doi.org/10.1007/978-981-13-8731-9_9#Sec18
https://doi.org/10.1007/978-981-13-8731-9_9#Sec18
https://doi.org/10.1007/978-981-13-8731-9_9#Sec18
https://doi.org/10.1007/978-981-13-8731-9_9#Bib1
https://doi.org/10.1007/978-981-13-8731-9_9#Bib1
https://doi.org/10.1007/978-981-13-8731-9_9#Bib1
https://doi.org/10.1007/978-981-13-8731-9_9#Bib1
https://doi.org/10.1007/978-981-13-8731-9_9#Bib1
https://doi.org/10.1007/978-981-13-8731-9_10
https://doi.org/10.1007/978-981-13-8731-9_10
https://doi.org/10.1007/978-981-13-8731-9_10
https://doi.org/10.1007/978-981-13-8731-9_10
https://doi.org/10.1007/978-981-13-8731-9_10
https://doi.org/10.1007/978-981-13-8731-9_10
https://doi.org/10.1007/978-981-13-8731-9_10#Sec1
https://doi.org/10.1007/978-981-13-8731-9_10#Sec1
https://doi.org/10.1007/978-981-13-8731-9_10#Sec1
https://doi.org/10.1007/978-981-13-8731-9_10#Sec1
https://doi.org/10.1007/978-981-13-8731-9_10#Sec1
https://doi.org/10.1007/978-981-13-8731-9_10#Sec2
https://doi.org/10.1007/978-981-13-8731-9_10#Sec2
https://doi.org/10.1007/978-981-13-8731-9_10#Sec2
https://doi.org/10.1007/978-981-13-8731-9_10#Sec2
https://doi.org/10.1007/978-981-13-8731-9_10#Sec2
https://doi.org/10.1007/978-981-13-8731-9_10#Sec3
https://doi.org/10.1007/978-981-13-8731-9_10#Sec3
https://doi.org/10.1007/978-981-13-8731-9_10#Sec3
https://doi.org/10.1007/978-981-13-8731-9_10#Sec3
https://doi.org/10.1007/978-981-13-8731-9_10#Sec3
https://doi.org/10.1007/978-981-13-8731-9_10#Sec4
https://doi.org/10.1007/978-981-13-8731-9_10#Sec4
https://doi.org/10.1007/978-981-13-8731-9_10#Sec4
https://doi.org/10.1007/978-981-13-8731-9_10#Sec4
https://doi.org/10.1007/978-981-13-8731-9_10#Sec4
https://doi.org/10.1007/978-981-13-8731-9_10#Sec5
https://doi.org/10.1007/978-981-13-8731-9_10#Sec5
https://doi.org/10.1007/978-981-13-8731-9_10#Sec5
https://doi.org/10.1007/978-981-13-8731-9_10#Sec5
https://doi.org/10.1007/978-981-13-8731-9_10#Sec5
https://doi.org/10.1007/978-981-13-8731-9_10#Sec6
https://doi.org/10.1007/978-981-13-8731-9_10#Sec6
https://doi.org/10.1007/978-981-13-8731-9_10#Sec6
https://doi.org/10.1007/978-981-13-8731-9_10#Sec6
https://doi.org/10.1007/978-981-13-8731-9_10#Sec6
https://doi.org/10.1007/978-981-13-8731-9_10#Sec7
https://doi.org/10.1007/978-981-13-8731-9_10#Sec7
https://doi.org/10.1007/978-981-13-8731-9_10#Sec7
https://doi.org/10.1007/978-981-13-8731-9_10#Sec7
https://doi.org/10.1007/978-981-13-8731-9_10#Sec7
https://doi.org/10.1007/978-981-13-8731-9_10#Sec8
https://doi.org/10.1007/978-981-13-8731-9_10#Sec8
https://doi.org/10.1007/978-981-13-8731-9_10#Sec8
https://doi.org/10.1007/978-981-13-8731-9_10#Sec8
https://doi.org/10.1007/978-981-13-8731-9_10#Sec8


10.4 Magnetic Nanoparticles as Hyperthermia Agent . . . . . . . . . . . 283
10.4.1 Parameters Affecting the Heating Efficiency . . . . . . . . 284

10.5 Magnetic Nanoparticles for Drug Delivery . . . . . . . . . . . . . . . 289
10.5.1 Drug Delivery Mechanism . . . . . . . . . . . . . . . . . . . . 290
10.5.2 MNPs in Drug Delivery . . . . . . . . . . . . . . . . . . . . . . 292

10.6 Magnetic Resonance Imaging (MRI) . . . . . . . . . . . . . . . . . . . 295
10.6.1 MRI Contract Agents . . . . . . . . . . . . . . . . . . . . . . . . 296
10.6.2 The Longitudinal Relaxation (T1) Agents . . . . . . . . . . 297
10.6.3 The Transverse Relaxation (T2) Agents . . . . . . . . . . . 299

10.7 Conclusion and Prospective . . . . . . . . . . . . . . . . . . . . . . . . . . 300
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 302

xiv Contents

https://doi.org/10.1007/978-981-13-8731-9_10#Sec9
https://doi.org/10.1007/978-981-13-8731-9_10#Sec9
https://doi.org/10.1007/978-981-13-8731-9_10#Sec9
https://doi.org/10.1007/978-981-13-8731-9_10#Sec9
https://doi.org/10.1007/978-981-13-8731-9_10#Sec9
https://doi.org/10.1007/978-981-13-8731-9_10#Sec10
https://doi.org/10.1007/978-981-13-8731-9_10#Sec10
https://doi.org/10.1007/978-981-13-8731-9_10#Sec10
https://doi.org/10.1007/978-981-13-8731-9_10#Sec10
https://doi.org/10.1007/978-981-13-8731-9_10#Sec10
https://doi.org/10.1007/978-981-13-8731-9_10#Sec11
https://doi.org/10.1007/978-981-13-8731-9_10#Sec11
https://doi.org/10.1007/978-981-13-8731-9_10#Sec11
https://doi.org/10.1007/978-981-13-8731-9_10#Sec11
https://doi.org/10.1007/978-981-13-8731-9_10#Sec11
https://doi.org/10.1007/978-981-13-8731-9_10#Sec12
https://doi.org/10.1007/978-981-13-8731-9_10#Sec12
https://doi.org/10.1007/978-981-13-8731-9_10#Sec12
https://doi.org/10.1007/978-981-13-8731-9_10#Sec12
https://doi.org/10.1007/978-981-13-8731-9_10#Sec12
https://doi.org/10.1007/978-981-13-8731-9_10#Sec13
https://doi.org/10.1007/978-981-13-8731-9_10#Sec13
https://doi.org/10.1007/978-981-13-8731-9_10#Sec13
https://doi.org/10.1007/978-981-13-8731-9_10#Sec13
https://doi.org/10.1007/978-981-13-8731-9_10#Sec13
https://doi.org/10.1007/978-981-13-8731-9_10#Sec14
https://doi.org/10.1007/978-981-13-8731-9_10#Sec14
https://doi.org/10.1007/978-981-13-8731-9_10#Sec14
https://doi.org/10.1007/978-981-13-8731-9_10#Sec14
https://doi.org/10.1007/978-981-13-8731-9_10#Sec14
https://doi.org/10.1007/978-981-13-8731-9_10#Sec15
https://doi.org/10.1007/978-981-13-8731-9_10#Sec15
https://doi.org/10.1007/978-981-13-8731-9_10#Sec15
https://doi.org/10.1007/978-981-13-8731-9_10#Sec15
https://doi.org/10.1007/978-981-13-8731-9_10#Sec15
https://doi.org/10.1007/978-981-13-8731-9_10#Sec16
https://doi.org/10.1007/978-981-13-8731-9_10#Sec16
https://doi.org/10.1007/978-981-13-8731-9_10#Sec16
https://doi.org/10.1007/978-981-13-8731-9_10#Sec16
https://doi.org/10.1007/978-981-13-8731-9_10#Sec16
https://doi.org/10.1007/978-981-13-8731-9_10#Sec16
https://doi.org/10.1007/978-981-13-8731-9_10#Sec17
https://doi.org/10.1007/978-981-13-8731-9_10#Sec17
https://doi.org/10.1007/978-981-13-8731-9_10#Sec17
https://doi.org/10.1007/978-981-13-8731-9_10#Sec17
https://doi.org/10.1007/978-981-13-8731-9_10#Sec17
https://doi.org/10.1007/978-981-13-8731-9_10#Sec18
https://doi.org/10.1007/978-981-13-8731-9_10#Sec18
https://doi.org/10.1007/978-981-13-8731-9_10#Sec18
https://doi.org/10.1007/978-981-13-8731-9_10#Sec18
https://doi.org/10.1007/978-981-13-8731-9_10#Sec18
https://doi.org/10.1007/978-981-13-8731-9_10#Bib1
https://doi.org/10.1007/978-981-13-8731-9_10#Bib1
https://doi.org/10.1007/978-981-13-8731-9_10#Bib1
https://doi.org/10.1007/978-981-13-8731-9_10#Bib1
https://doi.org/10.1007/978-981-13-8731-9_10#Bib1

	Preface
	Acknowledgments
	Contents

