
351
Copyright ©2025, IGI Global. Copying or distributing in print or electronic forms without written permission of IGI Global is prohibited.

DOI: 10.4018/979-8-3693-6326-3.ch016

Chapter 16
Synergistic Effects of 

Nanomaterials in Drug 
Delivery, Biosensing, and 

Tissue Engineering
Siddharth Parthasarathy

 https:// orcid .org/ 0000 -  0001 -  8319 -  3239
Centurion University of Technology and 

Management, India

Dipan Kumar Das
 https:// orcid .org/ 0000 -  0003 -  0224 -  3295

Centurion University of Technology and 
Management, India

Padmaja Patnaik
 https:// orcid .org/ 0000 -  0003 -  4468 -  7871

Centurion University of Technology and 
Management, India

Aishwarya Madhuri
National Institute of Technology, Manipur, India

Niharika Das
 https:// orcid .org/ 0009 -  0008 -  4524 -  5198

Centurion University of Technology and 
Management, India

Santanu Kumar Nayak
 https:// orcid .org/ 0009 -  0004 -  2143 -  7655

Centurion University of Technology and 
Management, India

Geetipriyadarsini Barik
Siksha O Anusandhan University, Odisha, India

ABSTRACT

The use of nanomaterials in biomedical applications has revolutionized drug delivery, biosensing, and 
tissue engineering. These materials offer improved bioavailability, targeted delivery, and controlled 
release, enhancing therapeutic efficacy and reducing side effects. They are also used in cancer therapy, 
gene delivery, and vaccination. Nanomaterial- based biosensors detect biomolecules at ultra- low con-
centrations, enhancing disease diagnosis and monitoring. In tissue engineering, nanomaterials create 
scaffolds mimicking the extracellular matrix, promoting cell adhesion, proliferation, and differentiation. 
Techniques like electrospinning and 3D printing are used to create bioactive scaffolds for regenerative 
medicine. This chapter highlights the transformative potential of nanomaterials in biomedical applica-
tions, addressing challenges and future directions in this rapidly evolving field.



1. INTRODUCTION

1.1. Overview of Nanomaterials in Biomedicine

Because of their special characteristics, nanomaterials have become promising instruments in biomed-
icine and size compatibility with biological structures. They find applications in drug delivery, diagnos-
tics, imaging, and tissue engineering (Pelemiš et al., 2019; Damodharan, 2020). Various nanomaterials, 
including carbon nanotubes, graphene, quantum dots, and magnetic nanoparticles, are being explored 
for medical use (Pelemiš et al., 2019). Nanocarriers like liposomes, micelles, and dendrimers enhance 
drug delivery and bioavailability (Damodharan, 2020). Nanomaterials are also utilized in biosensors for 
point- of- care diagnostics and in developing innovative therapeutics for illnesses like cancer, allergies, and 
diabetes (Damodharan, 2020; Mitragotri et al., 2015). The field of nanomedicine has shown significant 
progress in translating laboratory research to clinical applications (Mitragotri et al., 2015). But more 
investigation is required. to optimize nanomaterials' properties, such as magnetic behavior, electrical 
conductivity, and surface reactivity, for enhanced medical applications (Bhuiyan & Parvin, 2016).

Nanomaterials in biomedicine, ranging from 1- 100 nanometers, offer unique properties that revo-
lutionize disease diagnosis, treatment, and prevention (Arcos,2023) (Liu et al.,2023). These materials, 
with distinct optical, electrical, and mechanical characteristics, are prepared using chemical, physical, 
and biological methods, enhancing their versatility in various fields like materials science, aerospace, 
and healthcare (Zhang et al.,2023). Particularly in biomedicine, polymer nanomaterials have emerged 
as promising tools due to their exceptional physical, chemical, and biological attributes (Yoon,2023). 
Nanomaterials enable precise targeting of specific cells and proteins, facilitating drug delivery and en-
hancing diagnostic accuracy in detecting diseases like cancer. Their applications extend to biosensors, 
nanoprobes, and nanoimaging techniques, showcasing their pivotal role in advancing medical diagnostics 
and therapeutics (Xie,2023).

1.2. Importance and Scope of Nanotechnology in Healthcare

In the field of healthcare, nanotechnology has become a disruptive force, providing novel approaches 
to illness prevention, diagnosis, and treatment. (Mishra et al., 2022; Anjum et al., 2021). Its applications 
span various fields, including targeted drug delivery, gene therapy, cancer treatment, and clinical diag-
nostics (Genwa and Preeti, 2018). Nanostructures revolutionize drug administration and improve safety 
profiles by enabling quicker drug absorption, regulated release, and minimal side effects (Kapil et al., 
2014). Advances in nanomedicine have resulted in numerous advancements in theranostics, combining 
therapeutic and diagnostic capabilities (Anjum et al., 2021). While nanotechnology holds immense po-
tential in healthcare, challenges remain in fully exploiting its capabilities. Ongoing research focuses on 
overcoming limitations and expanding applications to further improve patient outcomes and transform 
the healthcare sector (Anjum et al., 2021; Mishra et al., 2022).

Because it provides cutting- edge approaches to illness prevention, diagnosis, and treatment, nan-
otechnology is essential to the healthcare industry. (Malik et al.,2023). It enables the development of 
advanced medical tools and processes, benefiting various medical fields such as dentistry, oncology, 
and regenerative medicine (Malik et al.,2023). Nanoparticles exhibit enhanced antimicrobial properties, 
aiding in combating bacterial and viral infections effectively (Chen et al.,2023). However, the use of 
nanoscale materials raises concerns about potential toxicological effects on human health, necessitating 
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