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Preface

In the relentless pursuit of advancing medical and pharmaceutical science, the 
fusion of biomaterials and nanotechnology has paved the way for groundbreaking 
innovations in the field of targeted therapies. This book, titled Biomaterial-Inspired 
Nanomedicines for Targeted Therapies embarks on a journey through the intricate 
landscapes of biomaterial-inspired nanomedicines, unraveling the transformative 
potential of this dynamic intersection.

Over the last decade, the convergence of biomaterials and nanotechnology has 
emerged as a beacon of hope in the realm of medicine. This volume serves as a 
comprehensive guide, capturing the essence of the most recent developments in the 
design and application of nanomedicines for precise and targeted therapeutic 
interventions.

The focus of this book extends across a spectrum of diseases and health condi-
tions, ranging from neurological disorders and autoimmune skin diseases to cancer, 
cardiovascular disorders, and beyond. It serves as a testament to the diverse and 
promising applications of biomaterial-inspired nanomedicines in the quest for 
effective and personalized treatments.

Readers will find within these pages a wealth of information on the challenges 
and triumphs encountered in the development of targeted therapies. The book not 
only explores the intricacies of nano-biomaterial systems but also sheds light on 
cellular uptake mechanisms, in  vitro and in  vivo behaviors, and the controlled 
release of therapeutic entities within target cells. Moreover, safety, toxicity con-
cerns, and regulatory considerations associated with these innovative therapies are 
thoughtfully examined.

This compilation is tailored to cater to a wide audience, including students, 
researchers, scientists, and academicians immersed in the multidisciplinary field of 
biomaterial-inspired nanomedicines. The aim is to provide a resource that not only 
informs but also inspires further exploration and advancement in this rapidly evolv-
ing field.

As the title suggests, the book stands as a testament to the transformative 
potential of biomaterial-inspired nanomedicines in achieving targeted therapies. It 
is our sincere hope that this collection of insights, challenges, and breakthroughs 
will contribute significantly to the collective understanding of this burgeoning 
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field, propelling the journey toward more effective and personalized treatments 
for a multitude of ailments.

Abhanpur, Chhattisgarh, India� Madhulika Pradhan  
Bhilai, Chhattisgarh, India � Krishna Yadav  
Raipur, Chhattisgarh, India � Nagendra Singh Chauhan   

Preface
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Abstract

Nanobiomaterials combine nanotechnology methods with biomaterials to create 
customized structures for enhanced biomedical applications at the boundary 
between nanotechnology and biology. This chapter focuses on the basic princi-
ples and current advancements related to the development, production, analysis, 
interactions with host organisms, and medicinal uses of nanostructured biomate-
rials. It includes the basic comprehension of inorganic nanoparticles (NPs), 
organic nanocomposites, surface biofunctionalization, imaging agents, drug 
delivery platforms, regenerative scaffolds, theranostics, and translational prob-
lems. The integration of NPs and biomaterials into bioresponsive interfaces is a 
groundbreaking development that enhances diagnostics, therapeutics, and per-
sonalized nanomedicine.

Keywords

Nanobiomaterials · Nanomaterials · Biomaterials · Therapeutic · Drug delivery

1.1	� Introduction

The phrase “nanobiomaterials” refers to the merging of two scientific fields, nano-
materials, and biomaterials, creating a new paradigm where the extremely small and 
the biological perfectly combine. Nanomaterials, which are characterized by func-
tional entities smaller than 100 nm, combine with biomaterials to create materials 
that are specifically engineered to interact with biological entities [1]. This synthesis 
occurs at the nanoscale, encompassing several domains using the transformational 
capabilities of nanotechnology. Nanostructured biomaterials, which include NPs, 
nanofibers, nanosurfaces, nanowires, and nanocomposites, play a crucial role in 
driving progress in biomedical fields such as drug delivery, tissue regeneration, can-
cer treatment, medical imaging, and theranostics [1, 2].

The core component of nanobiomaterials is the NP, which is a complex molecu-
lar structure composed of polymers or inorganic materials. NPs can take on various 
shapes, including spheres, needles, crystals, and polygons [3]. The achievement of 
optimal performance in design and synthesis relies on characteristics such as size, 
shape, and customized interactions with cell membranes. Nanobiomaterials, unlike 
larger materials, utilize their small size to improve characteristics, resulting in a 
significant change from materials that are not reactive with biological systems to 
materials that are reactive with biological systems [3].

The advancement in illness treatment demonstrates a movement from the larger 
scale to the molecular level, with nanobiomaterials leading this transformative 
change. Their aptitude to traverse the intricate structure of cells, tissues, and organs 
signifies the advent of a novel era in regenerative medicine and the replication of 
physiological processes [4]. Surface modification plays a crucial role in enabling 
specific applications in several medical disciplines.

K. Yadav et al.
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However, when nanobiomaterials are introduced into the complex environment 
of the human body, they interact with the immune system, which in turn affects how 
well the materials work [5]. Parameters like as size, shape, and surface chemistry 
play a crucial role in determining the safety and effectiveness of a product [3]. The 
constant concerns about the harmful effects of NPs and their ability to remain in 
biological systems require a careful reevaluation of design standards to enable the 
seamless integration of nanobiomaterials into living organisms.

Above all, the field of nanobiomaterials is continuously growing, and the devel-
opment of non-toxic, multifunctional designs for bioresponsive and biosensing 
capabilities is becoming an important area of focus. The need to tackle obstacles in 
the process of using nanobiomaterials in nanomedicine is crucial to achieving sig-
nificant advancements in this field [3]. The rise of nanomaterial application is sub-
stantiated by the subsequent survey conducted using data from Scopus for published 
publications pertaining to nanomaterial design. The study has revealed a significant 
increase in the proportion of articles focused on the utilization of nanotechnology, 
particularly in the domains of biomedical and biological engineering (Fig. 1.1), in 
comparison to other disciplines. This chapter explores the introductory information 
regarding the structure, composition, nature, type, production, application, and reg-
ulatory concerns regarding the emergence of nanobiomaterials. Besides, the detailed 
application of these nanobiomaterials in various diseased conditions has been men-
tioned in their respective chapters.

Fig. 1.1  A survey of the published articles in Scopus uses the term “nanomaterials” for “biomedi-
cal and other applications,” including “materials science and engineering.” (Survey, December 2023)
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1.2	� Ideal Property of Nanomaterials

Nanomaterials possess a diverse range of distinctive and customizable characteris-
tics, rendering them highly relevant in a multitude of domains, particularly in bio-
logical applications. These features are frequently unique and desirable compared 
to their bulk counterparts due to their extremely small size and quantum phenom-
ena. Here are some key properties that distinguish nanomaterials for biological 
applications [6, 7]:

•	 High Surface Area: NPs have an extremely large surface area relative to their 
volume, allowing more active sites for reactions. This enhances their overall 
reactivity and interactions.

•	 Customizable Size and Geometry: The size and shape of nanomaterials can be 
precisely controlled during fabrication, enabling custom-tailored properties. 
Altering dimensions leads to different optical, electronic, and other effects.

•	 Special Optical Capabilities: Light scattering and absorption phenomena 
unique to the nanoscale let NPs manipulate light in useful ways. This leads to 
applications in solar harvesting, light emission, and sensing.

•	 Tunable Electronic Properties: Quantum effects become dominant at small 
size scales, significantly changing nanomaterials’ electronic properties com-
pared to bulk. This tunability is highly valuable.

•	 Improved Mechanical Properties: Nanoscale materials often demonstrate bet-
ter strength, hardness, and durability than bulk forms. The large surface area and 
low defect density reinforce the material’s mechanical performance.

•	 Enhanced Thermal Properties: Properties including thermal conductivity and 
expansion can be superior to bulk equivalents. This helps with insulation, heat-
ing, cooling, and more.

•	 Biomedical Compatibility: Proper surface conditioning enables biocompatible 
nanomaterials to safely interact with biological systems for imaging, sensory, 
and therapeutic roles.

These distinguishing features of NPs make them particularly versatile for a vari-
ety of biological applications, providing exclusivity for [6, 7]:

•	 Biosensors: NPs’ sensitivity to minute biochemical stimuli aids precise diagnos-
tic and analytical applications.

•	 Catalysts: High surface area and tunable electronics help nanomaterials catalyze 
reactions with precision and efficiency.

•	 Contrast Agents: As imaging contrast improvement agents, NPs enhance the 
clarity of MRI, CT scan, and other visualizations.

•	 Cosmetics: Nanomaterial inclusion in skincare/cosmetics enhances absorption 
and effectiveness.

•	 Drug Delivery: NP transport within the body minimizes drug waste and side 
effects through targeted delivery.

K. Yadav et al.
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•	 Electronics and Solar Cells: Nanoscale photovoltaic materials, transistors, and 
diodes offer performance improvements like efficiency.

•	 Filtration and Remediation: Environmental cleanup of water sources and soil 
benefits from NPs’ reactivity and separation capabilities.

1.3	� Nanostructured Biomaterials

Nanobiomaterials referred to as nanostructured biomaterials, have gained popular-
ity in the dynamic field of biomaterial sciences. This category includes a wide vari-
ety of components, such as NPs, nanofibers, nanosurfaces, and nanocomposites [8]. 
These components are crucial in several applications, such as repairing and regen-
erating human tissue, delivering drugs and genes, treating cancer, and conducting 
medical imaging [9]. The incorporation of these intricately designed nanobiomate-
rials, sourced from polymers, metals, ceramics, and composites, in nanoscale or 
nanostructured formats has expanded the boundaries of biomedical research and 
innovation [6].

The NP is a crucial component of nanobiomaterials, possessing adaptability and 
distinctive properties. NPs may be produced in several shapes, such as spherical, 
cylindrical, star-shaped, and other configurations. The NPs may have a core com-
posed of many layers, each with specific functionalities [10]. An example of this is 
the combination of magnetic and luminous layers, which enables the identification 
and manipulation of particles. Usually, the core is surrounded by thin layers of inert 
materials, such as silica, that have either absorbed or chemically attached organic 
molecules, enriching the NPs with extra functionalities [10].

Additionally, the NP frequently undergoes further modification by adding a layer 
of linker molecules. These molecules have a vital function in enabling further modi-
fications, displaying reactive groups at both ends [11, 12]. The linker is attached to 
one end of the NP surface and can be combined with substances such as antibodies, 
biocompatible compounds, or other functional entities. The utilization of many lay-
ers enables the precise adjustment and personalization of nanobiomaterials to fulfill 
particular criteria in diverse biological uses [13].

The investigation of nanostructured biomaterials is a groundbreaking endeavor 
in the field of biomedical research, with the potential to completely change the 
healthcare and medical technology sectors. The complex and versatile nature of 
nanobiomaterials highlights their potential to tackle complicated difficulties and 
facilitate novel solutions in the quest for improved human health and well-
being [1, 2].

1.4	� Host-Nanobiomaterial Interactions

The integration of nanomaterials into biological systems necessitates the harmoni-
zation of contrasting domains, where results emerge through intricate communica-
tion between biomaterials and tissues, directing the behaviors of cells and proteins. 
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To understand these dynamic exchanges, it is necessary to use an interdisciplinary 
approach that covers surface physicochemistry, tissue biomechanics, and cellular 
signaling cascades to develop biocompatible platforms [14].

After being introduced into the body, proteins that are adsorbed onto a material-
tissue interface have a role in modifying the initial adhesion characteristics and 
macrophage polarization, leading to the development of a temporary orientation in 
the physiological space [15]. The innate responses alternate between isolating for-
eign substances by forming a fibrous capsule and integrating into the body’s tissues 
through controlled resolution of inflammation and restructuring of cells and scaf-
folds [14].

The phenotypes are controlled by reciprocal cues present in the nano- and micro-
scale features of the material. These signals trigger mechanotransductive, electro-
static, and receptor-mediated pathways. Excessive hydrophobicity or surface 
roughness triggers the generation of pro-inflammatory cytokines and hinders phago-
cytosis. Therefore, materials science and engineering tools should focus on creating 
scaffolds that imitate and balance important characteristics like stiffness, ligand pat-
terning, degradation kinetics, and nanotopography [14, 16].

In general, biocompatibility encompasses a complex framework designed for 
specific regeneration situations. This framework includes several factors such as 
timed immunomodulation to promote natural healing, targeted prevention of foul-
ing, and tactics to attract cells for implantation. To better understand how material 
surfaces actively influence local cell phenotypes, it is necessary to continue study-
ing and clarifying the mechanisms behind bioresponsive, pro-integrative designs 
that promote innervation, vascular perfusion, and selective biofilm develop-
ment [16].

By integrating ideas from immunology, bioengineering, and materials science, 
the future of bionanomaterial devices, probiotics, and synthetic tissues holds the 
potential for remarkable mimicry of biological systems and enhanced functioning. 
This will be achieved through carefully designed and manufactured structures 
[16, 17].

1.5	� Classification of Nanomaterials

A fundamental classification delineates engineered versus non-engineered nanoma-
terials. The former entails intentional creation for defined purposes leveraging the 
novel electromagnetic, optical, and chemical qualities manifesting at reduced 
nanoscales [11, 18]. These custom syntheses allow strict parameterization yielding 
particles with capabilities matching intended uses spanning biomedicine, energy 
storage, catalysis, sensing, and more.

Conversely, non-engineered nanomaterials occur naturally or incidentally as by-
products of processes like combustion or mineral weathering. Such particles dem-
onstrate more heterogeneous traits and primarily raise toxicology considerations 
rather than prospects for directed applications. However, increasing research 
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elucidates how natural NP transport and impacts across environmental systems 
could inform safer engineering approaches [18, 19].

1.5.1	� Based on Dimension

Among engineered particles, categorization by dimensional restrictions on electron 
mobility provides further insight into the origins of distinct nanomaterial properties. 
Quantum dots (QDs) exemplify zero-dimensional structures where electrons remain 
confined in all axes, enabling precise tuning of optical attributes for bioimaging and 
sensing applications [20]. Based on the dimension, nanomaterials can be classified 
into four categories: 0-,1-,2-, and 3-dimension (Fig. 1.2). One-dimensional nano-
tubes and nanowires facilitate electron propagation along their axial direction only, 
creating anisotropic metamaterials with enhanced conductivity, aspect ratios, and 
tensile strength. Two-dimensional nanoflakes and plates exhibit planar electron 
mobility with retained vertical restrictions that augment surface area and Beer-
Lambert absorption behavior beneficial in catalytic and energy storage roles. 
Finally, three-dimensional particles like nanospheres approach bulk-scale electron 
freedom and thus fail to confer advantages over macroscale materials without added 
surface modifications or compositional novelty [20]. Overall, parsing nanomaterials 
based on the intentionality of design and degrees of dimensional freedom grants 
frameworks for rationalizing the immense diversity of nanostructures against the 
performance of the specific application made accessible at these reduced scales. It 
further enables grouping to guide safety evaluations and regulatory considerations 

ZZZZZZZZZZZZZZZZZZ
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Fig. 1.2  Classification of nanomaterials based on dimension
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for both engineered and incidental NPs as nanotechnology integrates more exten-
sively across commercial and environmental areas [11, 20].

1.5.2	� Based on Nanostructures

Engineering materials at the nanoscale enable meticulous control over structural 
attributes to confer customized properties meeting specialized needs across applica-
tions. The capacity to restrict dimensions under nanometers gives rise to quantum 
mechanical, enhanced optical, and heightened reactive effects [20]. Strategically 
designing features like shape or structure facilitate multifunctional NPs for targeted 
diagnostics and therapeutics within biological contexts. Figure 1.3 exhibits an array 
of structures acquired by the nanomaterials.

For instance, nanospheres with tunable membranes and aqueous cores allow 
controlled encapsulation and timed release of medications to optimize drug delivery 
while minimizing off-target bioavailability. Elongated nanorods exhibit direction-
ally amplified plasmonic photothermal properties that heighten ablation capacities 
for malignancies. Star-shaped and core-shell NP geometries offer expanded surface 
area-to-volume ratios that improve sensing resolvability by concentrating local 
electromagnetic fields and light absorption [21, 22].

Likewise, functionalizing carbon nanotubes or QDs with hydrophilic coatings 
boost solubility for enhanced transportation within intracellular environments while 
their elongated and electron-confining configurations heighten thermal imaging 
contrasts and charge-dependent emissions ideal for biosensing applications [21]. 
Stimuli-responsive platforms add another dimension through transformations trig-
gered by biological microenvironments, external signals, or internal state changes to 
enable precision therapeutic activation only upon reaching target pathologies.

Further, specialized nanofabrication techniques grant extensive diversification of 
NP designs to balance geometries against requisite surface properties and integrated 

Fig. 1.3  Classification of nanomaterials based on structure
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cargo that empower multifaceted solutions matching intended contexts. The capac-
ity to restrict and configure matter on scales matching proteins, membranes, and 
DNA provides avenues for custom-engineering tools seamlessly interfacing with 
biological systems in ways previously impossible [23]. However, realizing the full 
promise requires ongoing assessment of potentially hazardous persisting conse-
quences [21, 24].

1.5.3	� Based on Composition

Nanomaterials derive extensive utility from their composition alongside geometri-
cal attributes, necessitating classification frameworks encompassing both facets. 
Delineation by organic versus inorganic origins provides insight into inherent 
chemical properties and compatibilities guiding biological applications (Fig. 1.4). 
Meanwhile, characterization by fabrication methodology reveals processing-
structure-function interrelationships across scales that inform efforts toward preci-
sion nanometer-regime engineering [21]. As nanostructures bridge the atomic and 
bulk scales, nuanced distinctions arise between organic and inorganic species in 
their formation pathways, available compositions, and resultant properties.

Inorganic nanomaterials encompass structures formed via precipitation of atomic 
or molecular precursor units and their subsequent growth into crystalline or 

Fig. 1.4  Classification of nanomaterials based on composition
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amorphous solids [25]. Common foundation units range from metals like iron, gold, 
or zinc to nonmetals including carbon, sulfur, and silicates. Joining frequently 
involves covalent, ionic, or metallic bonding into extended but confined geometries. 
Exemplars include inorganic nanocrystals like QDs, metal oxide frameworks, and 
nanoporous gold particles. Their precisely defined, stereospecific atomic lattices 
confer enhanced electrical, optical, and magnetic qualities but demand high-energy 
or high-pressure processing approaches [21, 26].

By contrast, organic nanomaterials incorporate self-assembled structures formed 
from the entanglement and ordering of synthetic or natural macromolecules like 
polymers, lipids, peptides, or carbohydrates [27–29]. Alignment stems from non-
covalent interactions, π-π stacking, hydrophobic interactions, and hydrogen bond-
ing between adjacent molecules and nanostructural components [30]. Illustrative 
cases encompass polymeric micelles, nucleic acid origami, lipid vesicles, and virus 
capsid assemblies [31]. While lacking long-range order, such soft nanostructures 
gain versatility—easily incorporating disparate functional elements from drug pay-
loads to imaging agents within their interiors or membranes. Their near-ambient 
assembly conditions and monomer sequence programmability empower extensive 
morphological control [30].

Identifying optimal processes for intended functionality demands evaluating 
these manufacturing tradeoffs. Moreover, the universe of available nanomaterials 
spanning carbonaceous, metallic, ceramic, polymeric, and hybrid materials pro-
vides immense choice [30]. However, material selection hinges on application 
demands—biocompatibility and eco-safety for in vivo usage, high signal sensitivity 
for sensing, and stable surface functionalization for drug conjugation [32]. 
Determining ideal candidates requires filtering through composition-morphology-
property relationships across classes against performance objectives and safety risk 
thresholds.

1.6	� Synthesis of Nanomaterials

In the field of nanotechnology, the synthesis of nanomaterials is a crucial area that 
opens up several possibilities for applications in various fields, including electronics 
and medicinal sciences. Table 1.1 provides a succinct summary of several method-
ologies utilized in the synthesis approach, classified as either top-down or bottom-
up techniques [33].

1.7	� Characteristics of Nanomaterials

To understand biocompatible nano-enabled platforms, it is essential to adopt an 
interdisciplinary strategy that encompasses surface chemistry, tissue biomechanics, 
and signaling pathway research. This approach allows for the characterization of the 
complex and dynamic interactions involved [34].

K. Yadav et al.
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Table 1.1  Techniques for synthesis of different nanomaterials [26]

S. 
no.

Name of 
technique Principle Merits Demerits

Application in 
the production 
of nanomaterials

Top-down approaches
1 Mechanical 

milling
Reducing the 
size of bulk 
materials by 
ball milling

Large-scale 
production 
possible

Difficult to 
control 
particle size 
distribution

Producing 
nanoscale 
powders of 
metals, alloys, 
etc.

2 Mechanochemical 
processing

Inducing 
chemical 
reactions during 
milling by 
generation of 
shear bands and 
subgrains

Fast processing 
speed to 
nanoscale

Difficult to 
achieve 
specific 
chemical 
reactions

Facilitating 
reactions 
requiring high 
temperature

3 Electroexplosion Passing 
high-density 
electric pulse 
through metal 
wire causing 
extremely high 
temperature and 
explosion

Unique 
properties 
difficult to 
obtain 
otherwise

Equipment-
intensive, 
low yield

Generating 
aerosols of Au, 
Ag, Cu, etc. 
NPs

4 Sputtering Bombarding the 
sample surface 
with energetic 
ions leads to the 
ejection of 
atoms/clusters

High-purity 
product with 
low toxicity

Poor control 
over particle 
size and 
shape

Depositing thin 
films of NPs

5 Laser ablation Interaction of 
high-power 
laser pulse with 
sample surface 
causing 
localized 
heating and 
material 
ejection

Better control 
by tuning laser 
parameters

Complex 
process, 
limited 
scalability

Generating 
NP-seeded 
plasma

6 Lithography Using masks, 
molds, or 
focused energy 
beams to create 
nanopatterns

High-
resolution 
nanopatterning

Multiple 
complex 
steps

Fabricating 
integrated 
circuits, sensors, 
etc.

7 Aerosol methods Generating NPs 
in a gaseous 
environment

High purity 
products

Slow 
production 
rate

Producing 
metal/metal 
oxide NPs

(continued)
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