
 

Smart Nanomaterials for Bioencapsulation 

1st Edition 
Editors: Guillermo Castro, Ashok Nadda, Tuan Nguyen, Swati Sharma, Ram Gupta 

 



Smart Nanomaterials for
Bioencapsulation



Elsevier
Radarweg 29, PO Box 211, 1000 AE Amsterdam, Netherlands
The Boulevard, Langford Lane, Kidlington, Oxford OX5 1GB, United Kingdom
50 Hampshire Street, 5th Floor, Cambridge, MA 02139, United States

Copyright © 2023 Elsevier Inc. All rights reserved.

No part of this publication may be reproduced or transmitted in any form or by any means, electronic or mechanical, including
photocopying, recording, or any information storage and retrieval system, without permission in writing from the publisher. Details
on how to seek permission, further information about the Publisher’s permissions policies and our arrangements with organizations such
as the Copyright Clearance Center and the Copyright Licensing Agency, can be found at our website: www.elsevier.com/permissions.

This book and the individual contributions contained in it are protected under copyright by the Publisher (other than as may be noted
herein).

Notices
Knowledge and best practice in this field are constantly changing. As new research and experience broaden our understanding, changes
in research methods, professional practices, or medical treatment may become necessary.

Practitioners and researchers must always rely on their own experience and knowledge in evaluating and using any information, methods,
compounds, or experiments described herein. In using such information or methods they should be mindful of their own safety and the
safety of others, including parties for whom they have a professional responsibility.

To the fullest extent of the law, neither the Publisher nor the authors, contributors, or editors, assume any liability for any injury and/or
damage to persons or property as a matter of products liability, negligence or otherwise, or from any use or operation of any methods,
products, instructions, or ideas contained in the material herein.

ISBN: 978-0-323-91229-7

For Information on all Elsevier publications visit our website at
https://www.elsevier.com/books-and-journals

Publisher: Matthew Deans
Acquisitions Editor: Ana Claudia Garcia
Editorial Project Manager: Samuel Young
Production Project Manager: Manju Paramasivam
Cover Designer: Greg Harris

Typeset by Aptara, New Delhi, India

http://www.elsevier.com/permissions
https://www.elsevier.com/books-and-journals


Contents

Contributors xi

1. Hybrid systems in bio-encapsulation 1

Leila N. Hassani, Nela Buchtová,
Thomas Cordonnier, Bathabile Ramalapa,
Emmanuel Garcion, François Hindre,
Thomas Beuvier, Guillermo R. Castro,
Moreno Galleni, Christine Jerômee,
Alain Gibaud and Frank Boury

1.1 Introduction 1
1.2 Crystalline calcium carbonate 1
1.3 Synthesis of CaCO3 particles 2

1.3.1 Solution route 3
1.3.2 Evaporation–diffusion route 5
1.3.3 Carbonation route 7

1.4 Characterization of crystalline calcium
carbonate 10

1.4.1 Microscopic analysis 10
1.4.2 Spectroscopic analysis 10
1.4.3 Scattering analysis 11
1.4.4 Thermal analysis 11
1.4.5 Porosity and surface area analysis 11
1.4.6 Drug loading and drug release

studies 12
1.5 Cytocompatibility of CaCO3 particles 12
1.6 CaCO3 particles as drug carriers 13

1.6.1 Drug delivery 13
1.6.2 Anticancer drug delivery 14
1.6.3 Protein delivery 14
1.6.4 Gene delivery 15
1.6.5 CaCO3 as carriers for biosensing

and bioimaging 16
1.6.6 CaCO3 as carriers for radiotherapy 16

1.7 Conclusion 17
Declaration of competing interest 17
Acknowledgments 17
References 17

2. Polysaccharides as natural
nanoencapsulants for controlled
release of compounds 23

Thiécla Katiane Osvaldt Rosales
and João Paulo Fabi

2.1 Introduction 23
2.2 Structure, properties, and health benefits

of natural polysaccharide 23
2.3 Development of smart

polysaccharide-based delivery
systems of bioactive compounds 25

2.3.1 The natural polysaccharides
to be used in delivery systems 26

2.4 Interactions between biopolymers
for nanoencapsulation 29

2.5 Polysaccharide-based nanocompounds
as potential delivery systems for
bioactive compounds: applications and
future perspectives 30

2.6 Conclusion and further remarks 33
References 33

3. Application in gene therapy and
DNA/RNA vaccines 39

María J. Limeres, María A. Toscanini,
Tomás Brito Devoto, María F. Ladetto,
Guillermo R. Castro and María L. Cuestas

3.1 Introduction 39
3.2 Gene therapy: principles and strategies

for DNA/RNA editing approaches 40
3.2.1 RNA editing approaches 40
3.2.2 DNA editing approaches 43

3.3 DNA and RNA vaccines: general concepts,
mechanisms of action and their
advantages and limitations 45

3.3.1 Mechanism of action 46

v



vi Contents

3.3.2 Advantages and limitations 47
3.3.3 RNA-based vaccines 48

3.4 DNA/RNA delivery methods: viral versus
nonviral vectors 50

3.4.1 Viral vectors 50
3.4.2 Nonviral methods 51

3.5 Nanomedicines as vaccine adjuvants 55
3.6 Current status of nanomedicines for gene

therapy and DNA/RNA vaccines:
preclinical and clinical studies 57

3.7 Conclusions 58
References 59

4. Delivery of bioencapsulated proteins 63

Nor Hasmaliana binti Abdul Manas,
Dayang Norulfairuz Abang Zaidel,
Nur Izyan Wan Azelee,
Siti Fatimah Zaharah Mohd Fuzi,
Aizi Nor Mazila Ramli, Shalyda Shaarani,
Rosli Md. Illias and Norsuhada Abdul Karim

4.1 Introduction 63
4.2 Protein bioencapsulation development 64
4.3 Challenges in protein and peptides

bioencapsulation 64
4.4 Nanomaterials and strategies for protein

nanoencapsulation 66
4.4.1 Organic nanomaterials 66
4.4.2 Protein nanomaterials 67
4.4.3 Inorganic nanomaterials 68
4.4.4 Hybrid nanosystems 68

4.5 Conclusion 70
Acknowledgment 71
References 71

5. Smart bio-encapsulation for
immunotherapy 75

Mahshid Moballegh Nasery, Banafshe Abadi,
Nasrin Seyedpour, Parsa Bazdar
and Touba Eslaminejad

5.1 Introduction (Immunotherapy) 75
5.2 Immunotherapy strategies 75
5.3 Checkpoint inhibitors 76

5.3.1 Cell surface checkpoint inhibitors 76
5.3.2 Intracellular checkpoint inhibitors 77

5.4 Cytokine 77
5.5 Vaccines 77
5.6 Immune cell therapy 77
5.7 Smart nanocarriers for immunotherapy 79

5.7.1 Polymeric nanoparticles 79

5.7.2 Membrane-camouflaged
nanoparticles 80

5.7.3 Lipid-based nanoparticles 81
5.7.4 Inorganic nanoparticles 82
5.7.5 DNA origami 83
5.7.6 Exosome 84
5.7.7 Virus-like particles 85

5.8 Conclusion 85
References 86

6. Bioencapsulation for protein delivery 91

Gincy Marina Mathew, Reshmy R,
Deepa Thomas, Parameswaran Binod,
Ashok Pandey and Raveendran Sindhu

6.1 Introduction 91
6.2 The characteristics of proteins for

bioencapsulation 91
6.3 Coating components in bioencapsulation 92

6.3.1 Solvent 92
6.3.2 Polymers in bioencapsulation 92
6.3.3 Plasticizers 92

6.4 Methods of bioencapsulation 92
6.4.1 Spray drying 92
6.4.2 Spray chilling 93
6.4.3 Fluidized bed coating 93
6.4.4 Freeze-drying 93
6.4.5 Emulsification 93
6.4.6 Extrusion 93
6.4.7 Complex coacervation 94
6.4.8 Compression coating 94

6.5 Bioencapsulation using smart polymers 94
6.5.1 Polymeric nanoreservoirs 94
6.5.2 Polymeric microcapsules 94
6.5.3 Polymeric micelles 96
6.5.4 Hydrogels 96

6.6 Bioencapsulation by nanoparticle and
microparticle system for protein delivery 67
6.6.1 Inorganic carriers 97
6.6.2 Dendrimer based protein delivery 97
6.6.3 Liposome based protein delivery 97
6.6.4 Plant cell based protein delivery 98
6.6.5 Bacteria mediated protein

delivery 98
6.6.6 Yeast mediated protein delivery 99

6.7 Advantages of bioencapsulating
proteins 99

6.8 Challenges in bioencapsulation of
proteins 99

6.9 Future prospects and conclusion 99
Acknowledgment 100
References 100



Contents vii

7. Bioencapsulation for probiotics 105

Dayang Norulfairuz Abang Zaidel,
Zanariah Hashim, Ida Idayu Muhamad,
Jayanant Iemsam-arng, Daniel Joe Dailin,
Nor Hasmaliana binti Abdul Manas,
Harisun Yaakob and Noorazwani Zainol

7.1 Introduction to probiotics 105
7.1.1 Types of probiotics 105
7.1.2 Health benefits 105
7.1.3 Properties of probiotics 106

7.2 Bioencapsulation of probiotics 106
7.2.1 Introduction to bioencapsulation 106
7.2.2 Types of wall material used in

bioencapsulation 107
7.2.3 Techniques of bioencapsulation

for probiotics 109
7.2.4 Mechanism of bioencapsulation

for probiotics 111
7.3 Characterization and properties of

encapsulated probiotics 111
7.3.1 Physical properties of

encapsulated probiotics 111
7.3.2 Stability and shelf life of

encapsulated probiotics 112
7.3.3 Bioavailability and release

properties of encapsulated
probiotics 113

7.4 Issues and challenges in the
bioencapsulation for probiotics 113

7.4.1 Technical challenges and
shortcomings 114

7.4.2 Scaling up and
commercialization 114

7.4.3 Roads to alternative lines
of product 115

7.5 Future of the bioencapsulation
for probiotics 115

References 116

8. Bioencapsulation for the functional
foods and nutraceuticals 125

Harisun Yaakob, Fitrien Husin, Sayang Baba,
Siti Alyani Binti Mat, Nor Farahiyah Aman Nor,
Dayang Norulfairuz Abang Zaidel,
Noorazwani Zainol, Norsuhada Abdul Karim
and Salehhuddin Hamdan

8.1 Food additives 125
8.2 Bioencapsulation for food additives 127

8.2.1 Introduction to bioencapsulation 127
8.2.2 Types of wall material used

in bioencapsulation 127

8.2.3 Techniques of bioencapsulation
for food additives 129

8.2.4 Mechanism of bioencapsulation
for food additives 131

8.3 Characterization and properties of
encapsulated food additive 134

8.3.1 Physical properties and stability
of encapsulated food additive 134

8.3.2 Bioavailability and release
properties of encapsulated
food additive 134

8.4 Issues in the bioencapsulation for food
additive 138

8.5 Future and challenges of the
bioencapsulation for food additives 146

References 147

9. Bioencapsulation of proteins
in therapeutics 155

Maria H. Ribeiro and Samuel L. Martins

9.1 Introduction 155
9.2 Characteristics of therapeutic

proteins 155
9.3 Therapeutic proteins of

biotechnological origin 155
9.4 Strategies for modeling the

pharmacokinetic and
pharmacodynamic characteristics
of therapeutic proteins 156

9.5 Methods and materials for
encapsulation of therapeutic proteins 156

9.5.1 Physical encapsulation 157
9.5.2 Covalent bond encapsulation 157
9.5.3 Microparticles and nanoparticles 157
9.5.4 Conjugation of proteins with

polyethylene glycol (PEGylation) 167
9.5.5 Hyperglycosylation of proteins 170

9.6 Conclusions and future prospects 172
References 173

10. Bioencapsulation for food additives 179

Yilmaz Ucar, Mustafa Durmus,
Koray Korkmaz and Zafer Ceylan

10.1 Introduction 179
10.2 Encapsulation processes 179

10.2.1 Spray drying 179
10.2.2 Freeze drying 180
10.2.3 Air-suspension coating 180
10.2.4 Centrifugal suspension–

separation 180
10.2.5 Centrifugal extrusion 183



viii Contents

10.2.6 Cocrystallization 183
10.2.7 Coacervation 183
10.2.8 Molecular inclusion in

cyclodextrins 184
10.2.9 Liposomes 184

10.2.10 Extrusion 185
10.2.11 Emulsions 185
10.2.12 Microemulsions and

nanoemulsions 185
10.3 Coating materials 187
10.4 Characterization of encapsulated

materials 187
10.5 Encapsulation applications in food

industry 187
10.6 Encapsulation of lactic acid bacteria

and probiotics 188
10.7 The use of encapsulation technology

for inhibition of pathogens 190
10.8 The use of encapsulatıon technology

for the prevention of fish oil oxidation 191
10.9 The use of encapsulation technology

to improve the quality of meat
products 191

10.10 Results and future suggestions 192
References 192

11. Theragnostic applications 197

Marina Guimarães Carvalho Machado,
Maria Alice de Oliveira, Raquel Silva Araújo and
Vanessa Carla Furtado Mosqueira

11.1 Introduction 197
11.2 Evolution of theragnosis 197
11.3 In vivo imaging modalities 198
11.4 Treatment strategies 201

11.4.1 Photodynamic therapy (PDT) 201
11.4.2 Photothermal Therapy (PTT) 201
11.4.3 Fluorophores 202
11.4.4 Electric and magnetic field

activation 202
11.5 Nanotheragnostics 202
11.6 Nanomaterials with theragnostic

applications 203
11.7 Radionuclides associated with

nanocarriers 204
11.8 Metallic nanoparticles 207

11.8.1 Gold (Au) 207
11.8.2 Gadolinium (Gd) 207
11.8.3 Iron (Fe) 207
11.8.4 Quantum dots (QD) 208
11.8.5 Carbon-based nanostructures 208

11.9 Future of clinical studies 208
References 210

12. Nanotechnology in agriculture
and bioencapsulation of
probiotics/food additives 213

Veer Singh, Nidhi Singh, Manisha Verma,
Sarva Mangala Praveena, Manoj Kumar Verma,
Muhammad Bilal, Mohan P Singh
and Vishal Mishra

12.1 Introduction 213
12.2 Application of nanotechnology

in agriculture 214
12.2.1 Crop improvement 214
12.2.2 Nonofertilizers 215
12.2.3 Remediation of toxic pollutants215
12.2.4 Crop protection 215

12.3 Bioencapsulation for probiotics and
food additives 216

12.3.1 Bioencapsulation for probiotics216
12.3.2 Bioencapsulation for food

additives 217
12.4 Conclusion 218

Acknowledgment 218
References 218

13. Smart systems in bio-encapsulation
for cancer therapy 223

Natália Ferreira (Noronha),
Juliana Cancino-Bernardi,
Valéria Maria de Oliveira Cardoso,
Edson José Comparetti, Renata Rank Miranda,
Leonardo Miziara Barboza Ferreira
and Valtencir Zucolotto

13.1 Introduction 223
13.2 Smart nanocarrier-based delivery

systems 223
13.3 The tumor microenvironment as the

target site for smart systems 224
13.3.1 Stimuli-response mechanisms

and drug release 226
13.4 Conclusion and perspectives 231

References 232

14. Nanoencapsulation for production
of fermented foods and pigments 237

Rakshita Chaudhary, Nisha Gaur and Batul Diwan

14.1 Introduction 237
14.2 Nanoencapsulation methods 238
14.3 Strategies for the production of

nanoparticles 238
14.3.1 Emulsification 239
14.3.2 Coacervation 239



Contents ix

14.3.3 Inclusion complexation 239
14.3.4 Nanoprecipitation 239
14.3.5 Emulsification using solvent

evaporation 239
14.4 Methods for removal of solvent 240

14.4.1 Spray drying technique 240
14.4.2 Freeze-drying technique 241

14.5 Materials used to produce
nanomaterials 242

14.5.1 Lipids-based nano-systems 243
14.5.2 Nanoliposomes 243
14.5.3 Colloidosomes 243
14.5.4 Nano-cochleate 244
14.5.5 Nano-emulsions 244
14.5.6 Solid lipid nanoparticles (SLNs)244
14.5.7 Polymeric type nanoparticles 244
14.5.8 Nanocomposites 244
14.5.9 Nanofibers 245

14.5.10 Carbohydrate-based delivery
system 245

14.5.11 Starch 245
14.5.12 Cellulose 245
14.5.13 Pectin 245
14.5.14 Gum 245
14.5.15 Chitosan 245
14.5.16 Alginate 246
14.5.17 Dextran 246
14.5.18 Cyclodextrins (CDs) 246
14.5.19 Proteins 246

14.6 Applications 246
14.6.1 Nanomaterials in the food

industry 246
14.6.2 Role of pigments in the food

industry 247
14.7 Future perspectives 247
14.8 Conclusion 248

References 249

15. Nanoencapsulation of tyrosine
kinase inhibitors for oncological
therapeutics 251

Hoang Lam Nguyen, Ram K. Gupta
and Tuan Anh Nguyen

15.1 Introduction to the lung cancer 251
15.1.1 Classification of lung cancer 251
15.1.2 Current nonsurgical methods

for treatment of NSCLC 252
15.1.3 Nanotechnology in the

treatment of lung cancer 252
15.2 Epidermal growth factor receptor

(EGFR) gene and mutation in
lung cancer 254

15.2.1 Structure and function of
EGFR gene 254

15.2.2 EGFR mutations in lung
cancer 254

15.2.3 Methods for genetic mutation
analysis in lung cancer 255

15.3 Cancer management by TKIs 256
15.3.1 Small molecule inhibitors of

TKs (TKIs) for cancer treatment 256
15.3.2 TKIs for lung cancer treatment 257

15.4 Targeted cancer and lung cancer
therapies 257

15.4.1 Targeted cancer therapy 257
15.4.2 Targeted lung cancer therapy 258

15.5 Nanoencapsulation of TKIs for
lung cancer treatment 258

15.5.1 Solid lipid nanoparticles (SLN)
and nanostructured lipid carriers
(NLC) as delivery vehicles 258

15.5.2 Polymeric nano-systems for
delivery of TKIs 259

15.5.3 Liposomal nano-systems TKIs
delivery 259

15.5.4 Dendrimers 259
15.5.5 Magnetic nanoparticles 260
15.5.6 Silica nanoparticles as

nanocarriers 260
15.5.7 Encapsulation of TKIs with

other drugs 260
15.6 Limitations of nanoencapsulations/

nanoparticles/nanomedicines in
cancer treatment 261

References 261

16. Nanoencapsulation for chemical
intermediate, biocides,
and bio-based binder 267

Nisha Gaur, Rakshita Chaudhary and Batul Diwan

16.1 Introduction 267
16.2 Material used in nanoencapsulation 268

16.2.1 Polymer-based 268
16.2.2 Lipid-based 268
16.2.3 Porous inorganic

nanomaterials 269
16.2.4 Clay based nanomaterials

and layered double
hydroxides (LDHs) 270

16.3 Techniques for encapsulation 271
16.3.1 Chemical techniques 271
16.3.2 Physicochemical techniques 271
16.3.3 Physicomechanical

techniques 271



x Contents

16.4 Nanoencapsulation for chemical
intermediates 272
16.4.1 Astaxanthin (ASX) 272

16.5 Nanoencapsulation for biocides 273
16.5.1 Nano encapsulated pesticide

formulations 273
16.6 Nanoencapsulation for bio

based binder 274

16.6.1 Starch 275
16.6.2 Chitosan/chitin 276
16.6.3 Soy protein isolate 276

16.7 Future perspectives 277
16.8 Conclusion 277

References 277

Index 279



 

 

 

 

 

 

Highlight

Highlight

Highlight

Highlight



 

 

 



Index

Page numbers followed by “f” and “t” indicate, figures and tables respectively.

A
Abraxane, 261
Adenocarcinoma, 251
Alginate, 245
American Cancer Society (ACS), 256
Amphiphilic polymers crosslink, 268
Antigen-presenting cells (APC), 75
Antimicrobial packaging, 246
Antisense oligonucleotides (ASO), 40
Aragonite, 2
Astaxanthin, 272

B
Bioactive compounds, 25, 30
Bioencapsulation

advantages, 99
bacteria mediated protein delivery, 98
challenges, 99
coating components, 92
complex coacervation, 94
compression coating, 94
dendrimer based protein delivery, 97
emulsification, 93
extrusion, 93
fluidized bed coating, 93
for food additives, 217
freeze-drying, 93
future prospects, 99
hydrogels, 96
inorganic carriers, 97
liposome based protein delivery, 97
methods, 92
plant cell based protein delivery, 98
plasticizers, 92
polymeric micelles, 96
polymeric microcapsules, 94
polymeric nanoreservoirs, 94
polymers, 92
probiotics, 216
protein delivery, 97
proteins, 91
smart polymers, 94
solvent, 92
spray chilling, 93
spray drying, 92
yeast mediated protein delivery, 99

Biopolymer, 268
based nanoencapsulation processes, 268

Biotechnological origin, therapeutic proteins,
155
Bottom-up approach, 267

Bovine hemoglobin, 15
Bovine serum albumin (BSA), 14, 15, 66
Brunauer-Emmett-Teller (BET) equation, 11

C
Carbohydrate-based delivery system, 245
Carbonation route, 7
Carbon-based nanostructures, 208
Cellulose, 26, 245
Cellulose nanoparticles, 27
Checkpoint inhibitors, 76

cell surface checkpoint inhibitors, 76
intracellular checkpoint inhibitors, 77

Chemical techniques, 271
Chemotherapy approach, 252
Chimeric antigen receptor (CAR) T cells, 79
Chitin, 276
Chitosan, 27, 245

functional groups, 27
hydrophobic portions, 27
nanoparticles, 276

Clay based nanomaterials, 270
Clay nanomaterials, 271
Clustered regularly interspaced short
palindromic repeats (CRISPR), 44
Coacervation process, 239
Colloidosomes, 243
Confocal laser scanning microscopy (CLSM),
10
Co-precipitation technique, 15
Crystalline calcium carbonate, 1

dendritic, 6
drug carriers, 13
hybrid, 6
methods of synthesis, 3t
physicochemical characteristics, 2t
schematic representation, 3f
synthesis of, 2

Cyclodextrins, 246
Cytokine, 77

D
Dendrimers molecules, 259
Dextran, 246
DNA

microarray, 256
microsequencing, 256
molecules, 4
origami, 83

DNA and RNA vaccines, 45
advantages and limitations, 47

gene therapy and, 57
mechanism of action, 46
RNA-based vaccines, 48

DNA/RNA delivery methods, 50
inorganic particulates, 53
lipid nanocarriers, 52
lipid-polymer hybrids, 53
nonviral methods, 51
polymeric nanocarriers, 51
protein-based materials, 54
viral vectors, 50

Double-emulsification, 268
Double stranded RNA (dsRNA), 41
Doxil, 261
Drug release studies, 12
Duchenne muscular dystrophy (DMD), 41

E
EGFR mutations, 254
Electric and magnetic field activation, 204
Electrohydrodynamic (EHD) technique, 64
Emulsification, 93, 268

method, 239
Encapsulated food additive, 134

bioavailability and release properties, 134
physical properties, 134

Encapsulated materials, characterization, 187
Encapsulated probiotics, 111

bioavailability and release properties, 113
physical properties, 111
stability and shelf life, 112

Encapsulated substances, 267
Encapsulation process, 179, 217

air-suspension coating, 180
centrifugal extrusion, 183
centrifugal suspension–separation, 180
coacervation, 183
coating materials, 187
cocrystallization, 183
emulsions, 185
extrusion, 185
freeze drying, 180
liposomes, 184
microemulsions and nanoemulsions, 185
molecular inclusion, 184
spray drying, 179

Encapsulation technology, 190
future suggestions, 192
meat products quality improvement, 191
prevention of fish oil oxidation, 191

Environmental parameters, 272

279



280 Index

Enzyme-responsive systems, 227, 228
Enzymes, 225
Erlotinib, 257, 259
Evaporation–diffusion route, 5
Exosome, 84
Extrusion, 93

F
Field emission scanning electron microscopy
(FE-SEM), 10
Fluidized bed coating, 93
Fluorescence in situ hybridization (FISH), 255
Fluorescent probes, 198
Fluorophores, 204
Food additives

bioencapsulation, 127
coacervation, 131
extrusion, 131
freeze drying, 131
future and challenges, 146
ion gelation, 134
issues in the bioencapsulation, 145
liposome, 132
mechanism of bioencapsulation, 131
spray drying and spray chilling/cooling, 131
techniques of bioencapsulation, 129
wall material used, 127

Food industry, encapsulation applications, 187
Fourier transform infrared spectroscopy (FTIR),
10
Freeze-drying technique, 93, 241

G
Gadolinium, 207
Gas–liquid reaction system, 7
Gefitinib, 257
Gene and drug therapy, 16
Gene delivery systems, 15
Gene therapy, 40

ASO, 40
bifunctional oligonucleotides, 41
clustered regularly interspaced short

palindromic repeats, 44
DNA editing approaches, 43
modified snRNAs, 42
mRNA, 43
RNA editing approaches, 40
siRNA, 41
SMaRT, 42
transcription activator-like effector

nucleases, 44
zinc finger proteins, 43

Glucose-derived carbon NPs, 230
Glucose oxidase, 16
Glucose oxidase enzyme, 16
G-protein coupled receptors (GPCRs), 226

H
Hybrid hydrogels, 5
Hybrid nanosystems, 68
Hypoxia, 227

I
Imatinib, 256, 258

Immune cell therapy, 77
Immunomodulators, 253
Immunotherapy, 75

DNA origami, 83
exosome, 84
inorganic nanoparticles, 82
lipid-based nanoparticles, 81
membrane-camouflaged nanoparticles, 80
polymeric nanoparticles, 79
smart nanocarriers, 79
strategies, 75
virus-like particles, 85

Inorganic nanomaterials, 68
Inorganic nanoparticles, 82
Internal exon replacement (IER), 42
International Organization for Standardization, 1
In vivo imaging modalities, 198
Iron, 207

K
Kirsten rat sarcoma viral homolog (KRAS), 254

L
Lactic acid bacteria and probiotics, 188
Layered double hydroxides (LDHs), 271
Lipid-based nanoparticles, 81, 268
Liposomal nano-systems, 259
Liposomes, 269
Liquid–liquid reactions, 3
Lung cancer, 251

classification of, 251
genetic mutation analysis, 255
treatment, 257

Lysozyme, 4, 14

M
Magnetic resonance imaging, 198
Membrane-camouflaged nanoparticles, 80
Mesoporous silica nanoparticles (MSN), 68, 270
Messenger RNA (mRNA), 40
Metabolic engineering, 248
Metallic nanoparticles, 207
Microbial pigments, 248t
Microbubbles generator (MBG), 8
Microemulsions, 268
Microencapsulated food additives, 238
Microparticles, 1
Microscopic methods, 10
Monoclonal antibodies (mAb), 76
Multiplex ligation-dependent probe
amplification (MLPA), 256

N
Nano capsule, 267f, 267

morphological structure, 267f
production processes, 240

Nanocarrier-based delivery systems (SDDs),
229
Nano-cochleates, 243
Nanocomposites, 244
Nano emulsions, 269, 273
Nanoencapsulated compounds, 28
Nanoencapsulation, 277

methods, 238

Nanofibers, 245
Nanoliposomes, 242, 269
Nanomaterials, 202, 216, 223, 228
Nanomedicines, 55
Nanometer-scale encapsulation layer coats, 238
Nanoparticles, 1, 238
Nano-suspension, 269, 274
Nanotechnology, 218, 223, 248, 252

chemotherapy medications, 252
radiotherapy, 252
surgical therapy, 252

Nanotheragnostics, 202
Nanotheranostics, 205
Naproxen, 13
Natural polysaccharides, 24, 25, 26
Natural-source polymers, 268
Near infrared fluorescence light (NIR), 198
Next-generation sequencing, 256
Nitrobenzyl linker-based responsive systems,
227
Nonbiodegradable polymers, 5
Nonnatural food colorants, 237
Nonofertilizers, 223
Nonsmall cell lung cancer, 251
Nuclear medicine, 205

O
Organic chemical nanocomposites, 247
Organic nanomaterials, 66
Ostwald ripening, 3

P
Pectin, 28
PEGylated trimethyl chitosan (TMCS), 259
Perfluorocarbon (PFC), 67
Perfluorohexane (PFH), 67
Perfluoropentane (PFP), 67
Pesticide, 273
PET technology, 198
Photodynamic therapy (PDT), 201
Photosens, 14
Photothermal Therapy (PTT), 201
Physicochemical techniques, 271
Plasmid DNA (pDNA), 40
Plasticizers, 92
Polyethylene glycol (PEG), 5, 268
Polyethylenimines (PEI), 66
Polylactic-co-glycolic acid (PLGA), 79
Polymer-based nanoencapsulation, 268
Polymeric nanoparticles, 269, 79
Polymeric nano-system, 258, 259
Polymeric type nanoparticles, 244
Polymers, in bioencapsulation, 92
Polysaccharide-based nanocomposites, 24
Polysaccharide-based nanomaterials, 24
Polysaccharide-based smart materials, 25
Polysaccharide bsed nanomaterials, 23
Polysaccharides, 23, 24

biological effects of, 24
Porosity and surface area analysis, 11
Pre-trans splicing molecule (PTM), 42
Probiotics, 105

alternative lines of product, 115
animal polysaccharides, 108



Index 281

animal proteins, 107
application of, 216f
bioencapsulation, 106, 115
cost of production and additives, 114
dietary fiber, 109
health benefits, 105
issues and challenges in
bioencapsulation, 113

mechanism of bioencapsulation, 111
microbial polysaccharides, 108
novel encapsulation system, 115
plant polysaccharides, 108
plant proteins, 108
properties, 106
safety and regulation, 115
scaling up and commercialization, 114
seaweeds polysaccharides, 108
sensory quality, 114
skin products, 115
synthetic polymers, 109
technical challenges and shortcomings, 114
techniques of bioencapsulation, 109
types, 105
wall material used, 107

Protein
bioencapsulation development, 64
delivery, 14
nanomaterials, 67
and peptide-based hydrogels, 226
and peptides bioencapsulation, challenges,

64
Protein nanoencapsulation, 66

hybrid nanosystems, 68
inorganic nanomaterials, 68
organic nanomaterials, 66
protein nanomaterials, 67

Q
Quantum dots, 208

R
Radiotherapy, 16
Radium isotopes, 16
Raman spectroscopy, 10
Real-time PCR methods, 255
Receptor-mediated stimulus, 228
Remediation of toxic pollutants, 224
RNA-induced silencing complex (RISC), 42

RNA interference (RNAi), 41
ROS-responsive polymeric nanoparticles, 227

S
Sanger sequencing method, 255
Scattering technique, 11
Short interfering RNA (siRNA), 40, 41
Silica nanoparticles as nanocarriers, 260
Small nuclear RNAs (snRNA), 40
Smart nanocarrier-based delivery systems, 223
Solid lipid nanoparticles, 258
Solid lipid nanoparticles (SLNs), 244, 269

components, 270t
Solvent displacement, 239
Soy protein isolate (SPI), 277
Spectroscopic analysis, 10
Spinal muscular atrophy (SMA), 41
Spliceosome-mediated RNA trans-splicing
(SMaRT), 40, 42
Splice-switching oligonucleotides (SSO), 40
Spray chilling, 93
Spray drying, 92

process, 272f
technique, 240

Starch, 245, 275
Starch nanoparticles (SNPs), 275

applications of, 276
Superparamagnetic iron oxide (SPIO)-based
nanoplatform

surgical therapy, 252
Suspension and redispersion of nanocapsule,
242f
Synthetic polymers, 5

T
Targeted cancer therapy, 257
Targeted lung cancer therapy, 258
Targeted oligonucleotide enhancer of splicing
(TOES), 41
T-cell receptors (TCR), 78
Tensile Strength ffect (TSE), 11
Theragnostics, 197
Theranostic nanotechnology, 204
Therapeutic proteins, 155

covalent bond encapsulation, 157
future prospects, 172
hydrogels, 157
hydrogels in bioencapsulation, 159

hyperglycosylation, 170, 171
lipid particles, 164
liposomes formation, 165
methods and materials for encapsulation, 156
microparticles and nanoparticles, 157
PEG-conjugated proteins, 168
PEGylation process, 167
pharmacodynamic characteristics, 156
physical encapsulation, 157
polyethylene glycol, 167
polysialic acid, 170
protein encapsulation, 159
proteins bioencapsulation, 167
proteins PEGylation, 169
site-directed mutagenesis, 171
SLNs formation processes, 166

Thermo-responsive stimulus photothermal
systems, 230
Thioether-bearing polymer (TEP), 227
Toll-like receptor, 260
Top-down approach, 275
Transcription activator-like effector nucleases
(TALEN), 44
Tumoral microenvironment (TME), 224
Tumor infiltrating lymphocytes (TIL), 78
Tyrosine kinase inhibitor (TKI), 255

U
Ultrasonic agitation, 10

V
Vaccines, 77
Vaterite microparticles, 15
Virus-like particles, 85
Vitamin spray dispersing nanodroplets, 246

W
Whey protein concentrate (WPC), 67

X
X-ray diffraction (XRD), 11
X-ray scattering techniques, 11

Z
Zinc finger nucleases (ZFN), 43
Zinc finger proteins (ZFP), 43
Zinc finger transcription factors (ZFP-TF), 43


	Half title
	Copyright
	Contents
	Index

