.
-

84 <
NANOBIOMEDICINE

. EUNDAMEN

ALS AN

NTHERANC

IMPL

STIC ARPLIGAT




Nanobiomedicine: Fundamentals
and Implementation in
Theranostic Applications

Edited by

Soumik Podder

Department of Basic Science & Humanities
Institute of Engineering & Management, New Town
University of Engineering & Management
Kolkata, India

&

Amalesh Samanta
Division of Microbiology & Pharmaceutical Biotechnology
Department of Pharmaceutical Technology

Jadavpur University
Kolkata, India



Nanobiomedicine: Fundamentals and Implementation in Theranostic
Applications

Editors: Soumik Podder & Amalesh Samanta
ISBN (Online): 979-8-89881-312-3

ISBN (Print): 979-8-89881-313-0

ISBN (Paperback): 979-8-89881-314-7

© 2025, Bentham Books imprint.

Published by Bentham Science Publishers Pte. Ltd. Singapore, in collaboration with
Eureka Conferences, USA. All Rights Reserved.

First published in 2025.



BENTHAM SCIENCE PUBLISHERS LTD.

End User License Agreement (for non-institutional, personal use)

This is an agreement between you and Bentham Science Publishers Ltd. Please read this License Agreement
carefully before using the ebook/echapter/ejournal (“Work”). Your use of the Work constitutes your
agreement to the terms and conditions set forth in this License Agreement. If you do not agree to these terms
and conditions then you should not use the Work.

Bentham Science Publishers agrees to grant you a non-exclusive, non-transferable limited license to use the
Work subject to and in accordance with the following terms and conditions. This License Agreement is for
non-library, personal use only. For a library / institutional / multi user license in respect of the Work, please
contact: permission@benthamscience.org.

Usage Rules

1. All rights reserved: The Work is the subject of copyright and Bentham Science Publishers either owns the
Work (and the copyright in it) or is licensed to distribute the Work. You shall not copy, reproduce, modify,
remove, delete, augment, add to, publish, transmit, sell, resell, create derivative works from, or in any way
exploit the Work or make the Work available for others to do any of the same, in any form or by any
means, in whole or in part, in each case without the prior written permission of Bentham Science
Publishers, unless stated otherwise in this License Agreement.

2. You may download a copy of the Work on one occasion to one personal computer (including tablet,
laptop, desktop, or other such devices). You may make one back-up copy of the Work to avoid losing it.

3. The unauthorised use or distribution of copyrighted or other proprietary content is illegal and could subject
you to liability for substantial money damages. You will be liable for any damage resulting from your
misuse of the Work or any violation of this License Agreement, including any infringement by you of
copyrights or proprietary rights.

Disclaimer

Bentham Science Publishers does not guarantee that the information in the Work is error-free, or warrant that
it will meet your requirements or that access to the Work will be uninterrupted or error-free. The Work is
provided "as is" without warranty of any kind, either express or implied or statutory, including, without
limitation, implied warranties of merchantability and fitness for a particular purpose. The entire risk as to the
results and performance of the Work is assumed by you. No responsibility is assumed by Bentham Science
Publishers, its staff, editors and/or authors 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 instruction,
advertisements or ideas contained in the Work.

Limitation of Liability

In no event will Bentham Science Publishers, its staff, editors and/or authors, be liable for any damages,
including, without limitation, special, incidental and/or consequential damages and/or damages for lost data
and/or profits arising out of (whether directly or indirectly) the use or inability to use the Work. The entire
liability of Bentham Science Publishers shall be limited to the amount actually paid by you for the Work.

General

1. Any dispute or claim arising out of or in connection with this License Agreement or the Work (including
non-contractual disputes or claims) will be governed by and construed in accordance with the laws of
Singapore. Each party agrees that the courts of the state of Singapore shall have exclusive jurisdiction to
settle any dispute or claim arising out of or in connection with this License Agreement or the Work
(including non-contractual disputes or claims).

2. Your rights under this License Agreement will automatically terminate without notice and without the



need for a court order if at any point you breach any terms of this License Agreement. In no event will any
delay or failure by Bentham Science Publishers in enforcing your compliance with this License Agreement
constitute a waiver of any of its rights.

3. You acknowledge that you have read this License Agreement, and agree to be bound by its terms and
conditions. To the extent that any other terms and conditions presented on any website of Bentham Science
Publishers conflict with, or are inconsistent with, the terms and conditions set out in this License
Agreement, you acknowledge that the terms and conditions set out in this License Agreement shall prevail.

Bentham Science Publishers Pte. Ltd.

No. 9 Raftles Place

Office No. 26-01

Singapore 048619

Singapore BENTHAM
s NC

Email: subscriptions@benthamscience.net



Active Targeting and ChalleNges .........coioiriiiiieiiii et
An Immune Barrier due to Protein Corona ....

Passive Targeting Vs. Active Targeting .........ccocoiieiiiiieiiieieeeee et

Design Parameters for Developing Actively Targeted Nanomedicine ...........cccooeieeieeenne. 94

Stimuli-Responsive Controlled Switch Nanomedicines

Integration of Multimodal TheranoStiCs ..........ccccoiiirieiieiiiie e

VARIOUS NANOMEDICINES FOR CANCER CLINICAL CARE ........ccccooeciiinniinne. 97

Inorganic Nanoparticles for Cancer Theranostics ...........cccooceoirerieinieineieiee e 98
Upconversion Nanoparticles .............c.cocueceneieniniiciiieseeeeee e 100
Plasmonic Nanoparticles ..............ccocooioiiiniiiniiniiiiiiieieeeseeeee et 102
Magnetic Nanoparticles .............coucioioieeeiniiiiiiiee ettt 104
Mesoporous Silica Nanoparticles ...............cococvcvciviiioieiieeieoineieieieseeeeeeeeeens 106

Other Inorganic Nanoparticles
Calcium PhoSphate (CAP) ...t
QUAantum dots (ODS) ...cc.ooueviriiiiiiieee et
Prussian Blue Nanoparticles

Organic Nanoparticle in Cancer TheranostiCs .........c.cooiiireiieiiireiieecee e 111
Lipid-Based NANOCAFTIEFS  ..........c.ccevueiuiriiiiiiieiteteieee ettt 113
LIDOSOMIES ...ttt 113
Solid- Lipid Nanoparticles (SLINS) ........cccccccieiiiiiiiiiiiiiiieeeese e 114
Nanostructured Lipid Carriers (NLCS) ......c.cccoeeiriiininiiiiieeeeeesese e 115
Polymeric NanOPArtiCles ............ccoeoeviiiiiiiiiiiiiieieeeeeee e 116
Carbon NAROMAIETIALS  ...........ccccoceeiiiiiiiiiiiesiee et 118

PROSPECTS AND CHALLENGES OF NANOMEDICINE IN CANCER TREATMENT 118

PIOSPECLS ettt ettt
CRAITENEZES ..neeeieeeeeteeet ettt ettt ettt ettt ettt s ettt eb et a e b et e b e et e st b et se s ent et e neenenis
CONCLUSION ....
REFERENCES ...ttt ettt

CHAPTER 6 AN EFFICIENT MACHINE LEARNING-BASED APPROACH TO DETECT

THE ALZHEIMER'S DISEASE .....c.ooiiiiiiiiiiccceeecteee ettt 136
Suparna Biswas, Moloy Dhar, Soumik Podder and Suparna Karmakar
INTRODUCTION ..ottt ettt
LITERATURE REVIEW
PROPOSED METHOD .....cociiiiiiiiiiiceeecteee ettt ettt
EXPERIMENTAL RESULTS AND DISCUSSION ......ccccooiniiiiiniiinineeinerece e 142
CONCLUSION
REFERENCES

CHAPTER 7 ARTIFICIAL INTELLIGENCE IN DRUG DELIVERY: AN ALTERNATIVE
APPROACH TO TRADITIONAL NANO-THERANOSTIC SYSTEMS ..., 147

Shreeja Sinha, Sucharita Bhattacharyya, Sayani Konar and Soumik Podder
INTRODUCGCTION ..ottt ettt e et e et et eeeae e teeeaeeaeeseenseenaean

On the Basis of Administration [5] .....
On the Basis of Function [6] ...............
Drug Delivery ......ccccovoineenene
Toxicity Profile 0f @ Drug [8] ...ooeoiooiiiieie e
Artificial Intelligence in Drug DeliVery ........cccccoooiiiriiiiiiiieieeeteee e
Al Technologies for Customized Access [16]
DIALASELS ettt et

Design of an Al Bot Providing Enhanced Medications ...........ccoccovvevieneiiensincecee 162




Nanobiomedicine: Fundamentals and Implementation, 2025, 147-170 147

CHAPTER 7

Artificial Intelligence in Drug Delivery: An
Alternative Approach to Traditional Nano-
Theranostic Systems

Shreeja Sinha', Sucharita Bhattacharyya"’, Sayani Konar' and Soumik
Podder’

" Guru Nanak Institute of Technology, Panihati, West Bengal, India

2 Department of Basic Science & Humanities, Institute of Engineering and Management, New
Town, University of Engineering & Management, Kolkata, India

Abstract: Nanomaterials have been extensively investigated to be used in clinical and
pharmaceutical applications due to their unique features, such as shape, size, surface
properties, reactive oxygen species (ROS) scavenging, targeted drug delivery,
improved cell imaging due to excellent fluorescence property, precise personalized
diagnosis, reduced side effects, and excellent sensing property. Despite all advantages,
nanomaterials are signified as a potential generator of ROS, a symbol of toxicity.
Although some clinical practices utilize ROS to prevent cancer, bacterial infection, etc.,
non-customized morphology can yield excessive ROS that may cause harm to normal
cells. Another disadvantage is the infant research stages; more modulation in design is
needed, and evaluation, as well as validation in nanotoxicity, is required. Although
there exist a few stories of nano-medicine-mediated theranostic applications, the
emerging challenges are increasingly prompting researchers to explore the optimal use
of artificial intelligence (AI) in designing personalized drug delivery systems,
potentially offering a more effective alternative to traditional nano-theranostic
approaches. Accordingly, an elaborate governance framework is needed to develop and
implement innovative Al systems successfully in the healthcare sector. The present
work provides a comprehensive overview of the role of Al technologies in drug
delivery, along with its ethical and regulatory concerns. Additionally, it illuminates the
numerous challenges met in the employment of Al systems in clinical practice.

Keywords: Artificial intelligence in drug delivery, Al bot, Drug discovery, Drug
delivery, NLP, Toxicity profile.
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