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Abstract 

Nanoparticles are the simplest form of structures with sizes in the nanometer 
range. They possess unique physicochemical properties such as high surface area, 
nanoscale size, and optical characteristics. The nanoparticle synthesis and the 
study of their size and properties are important in medicine as well as in 
biotechnology applications. Nanoparticle-based delivery provides a new drug 
delivery method for the treatment of chronic human diseases by site-specific 
and target-oriented delivery of a variety of drugs. The synthesis, characteristics, 
and applications of different types of nanoparticles having potential in nano-drug 
delivery systems (NDDSs) are described. The article illustrates various properties 
of nanoparticles and then, based on composition, classifies these nanoparticles in 
multiple categories. The advantages of different types of nanoparticles are men-
tioned along with many applications with emphasis on drug delivery, and then we 
briefly describe herein the future of nanoparticles in targeted drug delivery. 
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18.1 Introduction 

Nanotechnology is an emerging branch of science that created a bridge between 
biological and physical sciences through diverse synthetic strategies, particle struc-
ture, and size modification in different fields of science. This engineering technology 
deals with the preparation of nanoparticles which range from 1 to 100 nm in size and
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primarily influences nanomedicine and nano-based drug delivery systems (Patra 
et al. 2018). The term nanoparticle is a combination of the words “nanos” (Greek: 
dwarf) and “particulum” (Latin: particle). Nanoparticles (NPs) are the particulate 
substances with a diameter of 100 nm (Laurent et al. 2010) with up to three-
dimensional configurations depending on overall shape (Tiwari et al. 2012). By 
this definition, NPs have at least one nanometric dimension. For instance, 3D 
nanostructures and quantum dots are typically placed at the upper and lower ends 
of this scale, respectively. NPs have improved biological, physical, and chemical 
capabilities in comparison with their original equivalent materials (Dolez 2015).
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Fig. 18.1 Advantages of 
targeted drug delivery 

Nano-drug delivery system (NDDS) is one of the promising applications of 
nanotechnology in medical sciences and human healthcare, which includes various 
classes of nanomaterials which can increase the water solubility or stability of the 
drug, prolong cycle time, the high uptake rate of target cells or tissues, reduction in 
enzyme degradation which also improves the effectiveness of many therapeutic 
drugs (Deng et al. 2020). In NDDS, different drug administration routes can be 
used, such as inhalation, oral administration, or intravenous injection. The early 
developed NPs were not able to cross the biological barriers to delivery, but in the 
present time substantial research is being directed toward the development of 
biodegradable polymeric nanoparticles, which incorporate complex architecture, 
bio-responsive moieties, and targeting agents to enhance the drug delivery system 
and tissue engineering. Hence, with this advancement, controlled release of drugs, 
stabilizing labile molecules (e.g., proteins, peptides, or DNA) from degradation, and 
site-specific drug targeting can be accomplished (Singh and Lillard 2009; Mitchell 
et al. 2021) (Fig. 18.1). 

18.2 Properties of Nanoparticles 

Nanoparticles are ultrafine units that are measured in nanometers (nm; 1 nm = 10-9 

m) with submicroscopic size and unique material characteristics and thus can be 
classified into various types. According to the Commission of the European Union, 
2011, nanoparticles can be defined as “a natural, incidental or manufactured material



containing particles, in an unbound state or as an aggregate or as an agglomerate and 
where, for 50% or more of the particles in the number size distribution, one or more 
external dimensions is in size range 1–100 nm.” NPs are of different shapes, sizes, 
and structures (www.britannica.com). The nanoparticles have three general physical 
properties which are highly mobile in the free states, have enormous specific surface 
areas, and may exhibit quantum effects. 
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A particle of 200 nm size or larger activates the vascular and lymphatic systems, 
which filter and clear out the foreign matter or chemicals and remove them from 
circulation quickly. Thus, the size of the ideal nanoparticles is approximately 
100 nm. The particles of this size can cross the blood-brain barrier using 
endothelium-tight junction openings with the help of hyperosmotic mannitol, 
which provides target-specific controlled delivery of macro- and micromolecules 
of therapeutic agents which are used in the treatment of diseases like brain tumors 
and cancers (Prokop and Davidson 2008; Singh and Lillard 2009; Rizvi and Saleh 
2018). 

In drug distribution, due to hydrophobicity, surface, non-modified nanoparticles 
have opsonization properties, and then they also cleared by the mononuclear phago-
cyte system (MPS). Therefore, in the human body, deliverable drugs with their 
suitable nanoparticles are coated with polymers/surfactants or biodegradable 
copolymers which have hydrophilic characteristics, e.g., polyethylene glycol 
(PEG), polyethylene oxide, poloxamer, poloxamine, and polysorbate 80. This 
minimizes the opsonization and increases the circulation of nanoparticles (Singh 
and Lillard 2009; Chandrakala et al. 2022). Thus, the above description illustrates 
that in NDDS, drug release or delivery of any therapeutic agents into the human 
body depends on the size and surface area of particles. The controlled particle size 
and surface area properties contribute to faster polymer degradation as well as drug 
release. 

The ideal NDDS should have a high drug-loading capacity and an efficient drug-
release system. Drug loading can be accomplished by the incorporation method 
(incorporation of the drug at the time of nanoparticle formulation) and adsorption/ 
absorption method (absorption of the drug after nanoparticle formation). Some 
studies have shown that the ionic interactions and isoelectric point (pI ) can be 
very effective in increasing drug loading (Singh and Lillard 2009). The release of 
the drug depends on the type of nanoparticle used in the system; if nanocapsules 
were used, then the release is controlled by drug diffusion through the polymeric 
layer, and if nanospheres are used, then the drug is physically and uniformly 
dispersed by erosion of the matrix. The drug release from nanoparticle-based 
formulation is affected by many factors like pH, temperature, drug solubility, 
adsorbed drug, matrix swelling, and the combination of erosion and diffusion 
processes (Rizvi and Saleh 2018).

http://www.britannica.com
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18.3 Classification of Nanoparticles 

According to the composition of the materials, morphology, size, and physical and 
chemical properties, various nanomaterials can be categorized as carbon-based NPs, 
lipid-based NPs, metal, ceramics, and semiconductor. The following is a description 
of important nanomaterials and their features, which are compatible for use in 
NDDSs: 

18.3.1 Carbon-Based NPs 

Carbon nanotubes (CNTs) and fullerenes are two primary groups found in carbon-
based NPs. Nanomaterials comprised of globular hollow cages, such as allotropic 
forms of carbon, are found in fullerenes. They have sparked significant commercial 
interest in nanocomposites for a variety of applications, including fillers (Saeed and 
Khan 2014, 2016), efficient gas adsorbents for environmental remediation (Ngoy 
et al. 2014), and support medium for various inorganic and organic catalysts 
(Mabena et al. 2011; Ngoy et al. 2014). The fullerene-based delivery system has 
the potential to carry multiple drug payloads with other chemotherapeutic drugs, 
e.g., Taxol® (Ashcroft et al. 2006) can load 40 fullerenes onto a single skin cancer 
antibody called ZME-108, which can be used to deliver drugs directly into 
melanomas. Thus, multiple drugs can be loaded into a single antibody in a sponta-
neous manner (Singh and Lillard 2009). Carbon-based NPs also have promising 
futures in different fields of nanotechnology due to their abundance in nature as 
various allotropes, minimal cellular toxicity, flexible engineering, and exceptional 
physical qualities at the atomic scale. The exceptional electrical conductivity, great 
anisotropic thermal conductivity, and mechanical durability of carbon-based NPs are 
frequently combined with polymer materials and nanocomposites (Parvej et al. 
2022). 

18.3.2 Liposomes and Micelles 

Liposomes are made up of at least one phospholipid bilayer and an aqueous core, 
which can load hydrophobic drugs and carry the drug to target cell membranes. 
Liposome-based drug delivery system is FDA-approved and also called as “contact-
facilitated drug delivery” (Nagalingam 2017;  Li  et  al.  2019). Their morphological 
similarity to cellular membranes is one of the key characteristics that made them 
excellent as a nanocarrier for bioactive compounds or pharmaceutical agents (e.g., 
medicines, genes). Liposomes show many advantages as a type of drug carrier, such 
as they are nontoxic, non-immunogenic, sustained-release drugs, prolonging drug 
action time, etc. (Yingchoncharoen et al. 2016). Liposomes cannot develop for the 
entrapment for hydrophilic and ionic molecules (Chandrasekaran and King 2014), 
but by expanding their use, LNPs can form unilamellar or multilamellar vesicular 
structures, which allow liposomes to entrap, carry, and deliver hydrophilic,



hydrophobic, and lipophilic drugs (Sarfraz et al. 2018). Liposomes which deliver 
nucleic acids form micellar structures within the particle core. Micelles are spherical 
and amphiphilic copolymer assemblies that can accommodate hydrophobic drugs. 
Their outer shell is hydrophilic that makes the micelle water soluble. Some examples 
of micelle formulations are sterically stabilized micelles (SSM) which have been 
used as nanocarriers for CPT (CPT-SSM) for cancer treatment, SP1049C 
(doxorubicin-encapsulated pluronic micelles), NK911, and Genexol-PM (pacli-
taxel-encapsulated PEG-PLA micelle). Micelles have several advantages over 
other drug delivery systems but also have drawbacks (Fig. 18.2). 
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Fig. 18.2 Targeted drug delivery using liposomes as a drug carrier 

18.3.3 Metal NPs 

Metal NPs are completely made up of metal precursors. These NPs have unique 
optoelectrical features due to their well-known localized surface plasmon resonance 
(LSPR) characteristics. In the visible zone of the electromagnetic spectrum, NPs of 
alkali and noble metals, such as Cu, Ag, and Au, have large absorption band. Metal 
NPs with regulated facet, size, and shape are important in today’s cutting-edge 
materials (Dreaden et al. 2012). Metal NPs are used in a variety of scientific fields 
due to their excellent optical characteristics. Gold NP coating is commonly used for 
SEM sampling to improve the electronic stream, which aids in the acquisition of 
high-quality SEM images.
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(a) Copper NPs: Copper NPs have received a lot of attention due to low cost, 
chemical stability, and simple preparation (Basher et al. 2019). They have a high 
melting point, excellent thermal and electrical conductivity, and high ductile 
strength and are strongly localized. They have been used as a coloring agent 
since antiquity. Even now, as pigment ingredients in inkjet printing, they are a 
feasible alternative to noble metal NPs (gold and silver). They are frequently 
employed in biological and pharmaceutical applications due to their catalytic 
and antibacterial properties. However, there have been reports of potential 
negative biological effects of copper NPs on embryogenesis (Khan et al. 2022). 
Copper oxide (CuO) NPs are present in spherical shape with a diameter of 
1–30 nm with large specific surface area. The copper atom is linked to oxygen in 
a rectangular shape in the monoclinic crystal structure. Saha et al. (2018) 
demonstrated that the other characteristics of CuO NPs are heavily influenced 
by its morphology. Grigore et al. (2016) highlighted the major features of CuO 
NPs in the light of their synthesis process and biomedical uses. The CuO NPs 
with a few nanometers in diameter have been reported to have weak ferromag-
netic activity (Zhang et al. 2014), but Joy et al. (1998) and Bisht et al. (2010) 
found that standard zero field cooled (ZFC) magnetization was not present. The 
antibacterial characteristics of CuO NPs are used to prevent bacterial infection in 
the textile industry and hospitals. Verma and Kumar (2019) demonstrated 
biomedical applications of CuO NPs due to its sensing and therapeutic 
properties. 

(b) Aluminum NPs: Aluminum NPS are used as powder in rocket fuel to boost 
combustion speed and stability due to their catalytic activity and high energy 
release. Because they have a wide optical absorption band, the LSP resonances 
can be modulated from UV to NIR by manipulating their shape. They are also 
suited for application in photovoltaic solar cells due to their high radiative 
efficiency (Temple and Bagnall 2011). Aluminum NPs are known to cause 
cellular toxicity and DNA damage (Zhang et al. 2018). 

(c) Gold NPs: Gold NPs are the oldest and most widely used metal NPs. Due to 
their better physical properties, nanoscaled gold particles have been widely 
used. More crucially, by manipulating their morphology (both size and shape), 
solvent, surface ligand, temperature, etc., these properties can be fine-tuned. 
Localized SPR is more pronounced in spherical gold NPs than in other 
plasmonic particles, resulting in significant radiative, absorption, and scattering 
characteristics. Gold NPs have a fluorescence quenching ability and an absorp-
tion peak at 400–550 nm, depending on particle size, making them attractive in 
bioimaging, probing, colorimetric sensing, and sensor construction (Yeh et al. 
2012). They are used to sputter coat the material in a scanning electron micro-
scope (SEM) in order to obtain a high-quality image by increasing the electronic 
stream. Furthermore, gold particles are a common vehicle for carrying thera-
peutic compounds, targeted medications, genes, and targeting agents on their 
surface due to their huge specific surface area and high electron density 
nanoscale.
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(d) Silver NPs: Silver NPs have a wide range of use in biomedical devices, 
medication, highly conductive composites, and the textile industry due to their 
unique physical properties. Silver NPs have excellent SPR, strong absorption, 
and NP characteristic packing near 400 nm and tunable scattering capabilities at 
longer wavelength, making them ideal for bioimaging, molecular labeling, and 
improved optical spectroscopy. As reported by Zhang et al. (2016), nanoscaled 
silver has long been regarded as a popular biomaterial with antibacterial action. 
Their antimicrobial properties are commonly employed to reduce biofouling. 
They have also shown promise against the HIV virus and cancer cell death. 
Furthermore, their anti-inflammatory properties make them ideal for wound 
healing. The toxicity of silver NPs is mostly determined by their size. When 
compared to particles made from other heavy metals like gold, platinum, and 
zinc, silver NPs have demonstrated a high level of antibacterial activity and a 
low level of cytotoxicity (Crisan et al. 2021). They have the ability to adhere to 
cells, inhibit enzyme activity, weaken the cell membrane, and ultimately cause 
cell death (Tang and Zheng 2018). 

(e) Iron NPs: Iron NPs have excellent thermal and electrical conductivities with 
strongest magnetic properties of any magnetic NP (Rubel and Hossain 2022). 
Iron NPs exhibit surface plasmon resonance (SPR) which is important in 
memory tape, magnetic data storage, and magnetic resonance imaging (MRI). 
Iron NPs with a diameter of about 2 nm have magnetic characteristics, and the 
magnetic anisotropy energy constant increases as the particle size increased 
(Bedker et al. 1994). Magnetic NPs of iron oxide of less than 10 nm in size 
exhibit super paramagnetic properties that play crucial role for a variety of 
biomedical applications. The suitability of iron oxide NPs as a contrast agent 
for magnetic resonance imaging (MRI) and as a nanocarrier for bio-elements 
such as drugs, proteins, and therapeutic genes has been investigated. However, 
poisoning is frequently one of the drawbacks that make large magnetic 
components unsuitable for medicinal applications of these important NPs. 

(f) Platinum NPs: Platinum NPs with exceptional chemical and optical 
characteristics are gaining popularity in industrial and biological applications. 
Platinum NPs when suspended in aqueous solution create a brownish-red or 
black nanofluid. They have a high level of thermochemical stability, corrosion 
resistance, and catalytic activity. They can be used in catalytic converters, 
hydrogen peroxide (H2O2) breakdown, nitric acid synthesis, proton-exchange 
membrane fuel cells (Reddington et al. 1998), pollution reduction, etc. At 
ambient temperature, carbon-coated platinum NPs also demonstrate ferromag-
netic properties. They are frequently utilized as dopants with other metallic 
particles to make ultraefficient alloys. 

(g) Lead NPs: Lead NPs are black spherical powder, apparently prone to oxidation 
and susceptible to water and humid ammonia (Bochenkov et al. 2004). They 
have potential applications in electron microscopy for real-time imaging due to 
their optical and redox characteristics.
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(h) Cobalt NPs: The appearance of pure cobalt NPs are in the form of gray or black 
granules. The high magnetic characteristic of this NP is most suitable for 
imaging, sensing, and targeted delivery of biological molecules and medicines. 
The detailed toxicity of cobalt NPs has been studied on osteoclast-like cells (Liu 
et al. 2015c). 

18.3.4 Ceramics NPs 

Ceramic NPs are inorganic nonmetallic solids and found in amorphous, polycrystal-
line, thick, porous, or hollow forms (Sigmund et al. 2006). These NPs are used in 
various applications like catalysis, photocatalysis, dye, photodegradation, and imag-
ing (Thomas et al. 2015). Ceramic NPs possess superior mechanical strength, 
thermochemical stability, and environmental resistance. One significant drawback 
of ceramic NPs is the potential for toxicity in medicinal applications such as drug 
administration. 

18.3.5 Semiconductor, Inorganic and Nanoshell NPs 

Semiconductor materials are intermediate between metals and nonmetals (Ali et al. 
2017; Khan et al. 2017). Semiconductor NPs contain broad bandgaps, and bandgap 
tuning causes considerable changes in their characteristics. Therefore, they are used 
in photocatalysis, photo optics, and electronic devices (Sun et al. 2000). Due to their 
optimal bandgap and band edge positions, large numbers of semiconductor NPs 
have been discovered in water splitting applications (Hisatomi et al. 2014). When 
compared to single semiconductor particles, nanoshells have a higher luminescence 
quantum yield. Changing the shell material and thickness, as well as the core form, 
improves the tunability of other optical parameters, including absorbance and 
scattering (Nayak et al. 2017). 

(a) Germanium NPs: Germanium (Ge) is the second most extensively used indi-
rect bandgap (0.66 eV at bulk scale) semiconductor in group IV. Ge is usually 
found in the crystal structure of diamonds, which can vary in a cluster of more 
than 40 atoms. Ge NPs are a grayish black powder with an average diameter of 
70–120 nm. The mechanical stability of Ge clusters has been determined by the 
crystal structure (Pizzagalli et al. 2001). Ge has greater static dielectric constant 
and lower effective mass of the electron-hole pair. In addition, electrochemical 
etching of Ge has not been as successful. By utilizing differential surface tension 
and size purification, the emission spectra of Ge NPs may be fine-tuned to 
narrow lines. The Ge NPs have wide range of uses in microelectronics. 

(b) Magnesium oxide NPs: Magnesium oxide (MgO) are normally white powder 
as NPs, but depending on the presence of foreign elements, they might be brown 
or black. The size of MgO NPs influences the optical characteristics. Stankic 
et al. (2005) used UV diffuse reflectance spectroscopy to study the optical
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characteristics of MgO nanocubes. The MgO NPs are effective while absorbing 
harmful ions from aqueous solutions (Hoque et al. 2018). Furthermore, by 
employing them as a chemical additive, their catalytic action can be exploited. 
They also have high-temperature dehydrating capabilities, reduce corrosion, and 
cleanse water by reducing bacterial development. At low concentrations, MgO 
has a strong antibacterial action at the nanoscale, making it a potential plant 
pathogenic antibacterial agent for disease management (Cai et al. 2018). 
Ceramics undergo grain development and a considerable increase in fracture 
toughness when treated with MgO NPs (Tan et al. 2013). 

(c) Gallium nitride NPs: Gallium nitride (GaN) is a semiconductor material of the 
group III–V family with a 3.4 eV direct bandgap. It has hexagonal (wurtzite) 
single crystal structure and can be manufactured at the nanoscale in a variety of 
morphological assemblages (NPs, nanorods, nanotubes, nanowires, and so on) 
using various synthesis procedures. Due to quantum confinement, GaN NPs 
have a high mechanical toughness and outstanding thermal and optical 
characteristics that depend on nanocrystal size. GaN NPs are utilized in a variety 
of devices, including LEDs, LDs (laser diodes), biosensors, solar cells, field-
effect transistors, photocatalysts for water splitting, and piezoelectric 
nanogenerators, due to tunable optical and dielectric properties (Lan et al. 2016). 

(d) Indium NPs: The hexagonal (wurtzite) and cubic (zinc blende) crystal forms of 
indium phosphide (InP) have bulk bandgaps of 1.42 and 1.35 eV, respectively. 
It has better electron mobility than GaAs, making it a good contender for 
high-speed optoelectronic devices and digital circuits (Zafar and Iqbal 2016). 
Furthermore, InP quantum dots are potential to be future competitor of 
cadmium-based quantum dots in terms of luminescence efficiency due to their 
decreased toxicity (Brichkin 2015). With a direct bandgap of around 0.354 eV, 
indium arsenide (InAs) is one of the least extensively utilized group III–V 
semiconductor compounds. Gray crystals having cubic (zinc blende) structure 
can be found. As InAs have properties similar to GaAs, they are frequently 
combined with InP to get the most out of their small bandgap and strong electron 
mobility. InAs photodiodes are frequently used in infrared detectors and diode 
lasers. Microorganisms have been reported to be acutely hazardous to both InAs 
and GaAs (Nguyen et al. 2020). 

(e) Silicon NPs: Silicon NPs (SiNPs) are biologically compatible, metal-free quan-
tum dots that exhibit size and surface tailorable photoluminescence. Silica NPs 
are mesopores (2–50 nm pores) of silica that display unique physicochemical 
properties. These nanocarriers can be prepared in a variety of sizes and shapes 
including nanohelices, nanotubes, nanozigzags, and nanoribbons (Meier et al. 
2007). The nanostructure of these materials influences their optical, chemical, 
and material properties and hence plays an important role in their future-
generation applications in sensors, battery electrodes, optical materials, contrast 
agents, etc. Nanosilica or silica NPs are commercial terms for nanoscaled silicon 
dioxide (SiO2) particles. There are two varieties of silica NPs based on structure: 
P-type and S-type NPs, both of which are white powder. The P-type particles 
have a higher specific surface area and porosity than S-type particles. As
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nanopowders, they have minimal toxicity, pozzolanic reactivity, and filling 
ability (Challa and Das 2019). Because P-type silica NPs have a high UV 
reflectivity, they can be used as a protective covering. 

(f) Titanium nitride NPs: Mechanically, titanium nitride (TiN) NPs are extremely 
strong. Their hardness and wear resistance are exceptional, allowing them to be 
used with other ceramics in cutting equipment and bearing materials to extend 
their life. The transmission electron microscopic observation of TiN NPs 
indicates that they are virtually spherical, with sizes of 5–20 nm. Because of 
their high thermal conductivity and melting point (2950 °C), they can endure 
high temperatures. TiN has a low sintering temperature, making it ideal for 
embedding in nanocomposites. They have outstanding UV protection and 
infrared absorption. The scattering efficiency is not as great as gold NPs, and 
the plasmonic performance of single cubic crystal-structured TiN is nearly as 
good (Kaskel et al. 2003; George et al. 2009). 

(g) Alumina NPs: Alumina NPs are white powder with a spherical shape. At a 
certain particle size, structures of alumina NPs are temperature dependent, and 
this dependence is altered by particle shrinking. At the nanoscale, the most 
stable-phased alumina, for instance, stabilizes at a lower temperature. This 
considerably improves the nanoceramic’s flexural strength (Zemtsova et al. 
2015). Superior qualities of alumina NPs are used in cutting tools, integrated 
circuits, and transparent ceramics. 

(h) Titania NPs: Titanium dioxide (TiO2) NPs are n-type semiconductors that 
occur naturally in a variety of polymorphic crystal forms. They can be made 
in a variety of ways, i.e., crystal, powder, nanotube or nanorods, and thin films. 
Titania NPs are highly effective in blocking UV rays while remaining harmless. 
Furthermore, their transparency makes them useful for making skin-protective 
cosmetics such as sunscreens, vanishing creams, and beauty creams. They can 
also be used to process ink and as a surface coating. They also have strong 
photocatalytic properties (Hossain et al. 2017, 2018a, b), making them useful for 
the production of disinfectants and antibacterial chemicals. 

(i) Calcium NPs: Calcium phosphate (CaP) NPs are present in a variety of shapes 
and sizes. Tricalcium phosphate (Ca3(PO4)2) and hydroxylapatite (Ca5(PO4)3) 
are the most prevalent types. The ratio of Ca to P has a big impact on the 
properties of these NPs. CaP is a common bone substitute due to its biocompati-
bility and likeness to the inorganic mineral compositional constituent in the 
skeleton of human. As a widely utilized nonviral vector in gene therapy, 
nanoscale CaP can thus play an important role. Because calcium carbonate 
(CaCO3) is abundant in nature, it is one of the cheapest inorganic materials 
available. Slow biodegradability is an additional benefit. Calcium carbonate 
exists in three polymorphic crystal forms—calcite (trigonal), aragonite (ortho-
rhombic), and vaterite—depending on the synthesis conditions (hexagonal). 
Calcite is the most chemically stable of these minerals, whereas vaterite is the 
least stable (Biradar et al. 2011). Chemically, nanosized CaCO3 particles are 
harmless, making them environmentally beneficial. They can also be employed 
for regulated and harmless drug distribution because of their biocompatibility.
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According to recent pharmaceutics research, building an enteric drug delivery 
method using calcium carbonate in a tablet-encapsulated form is possible 
(Render et al. 2016). Furthermore, they have a good radiopacity characteristic. 

18.4 Synthesis of NPs 

The following two methods are employed for the synthesis of NPs: (1) the bottom-up 
or building-up method and (2) the top-down method (Daniel and Astruc 2004; Wang 
and Xia 2004), which are further divided into several subcategories based on the 
operation, reaction state, and procedures used. 

18.4.1 Bottom-Up or Building-Up Synthesis 

In bottom-up or building-up synthesis procedure, NPs are produced from relatively 
simple elements. Two methods, viz., sedimentation and reduction procedures, are 
included in this category. Other minor methods like spinning, green synthesis, 
sol-gel, and biological synthesis are also included (Iravani 2011). Using this method, 
TiO2 anatase NPs containing graphene domains have been created (Mogilevsky 
et al. 2014). Needham et al. (2016) have used a solvent-exchange approach to create 
low-density lipoprotein (LDL) NPs of limit size for medical cancer medication. 
Nucleation is the bottom route in this procedure, followed by growth, which is the 
top approach. The LDL nanoparticles were made without using phospholipids 
having high hydrophobicity which is important for the administration of drugs 
(Needham et al. 2016). 

18.4.2 Top-Down Synthesis 

For syntheses of NPs, the destructive technique is used in top-down procedure. For 
the synthesis, first, the large-sized molecules are broken into smaller units, and then 
appropriate sized NPs are synthesized. In this direction, grinding and milling, 
chemical vapor deposition (CVD), physical vapor deposition (PVD), and other 
decomposition process technologies are generally employed (Iravani 2011). Coco-
nut shell (CS) NPs were produced using this method. Initially the raw CS powders 
were finely milled for various intervals of time using ceramic balls and planetary mill 
as per the requirement of the size of the NPs. The reddish tint vanished with each 
hour increment as the NPs shrank in size (Bello et al. 2015). From the top-down 
methods, different approaches like mechanical milling, laser ablation, etching, 
sputtering, and electro-explosion are used for the production of NPs for 
nanostructured materials. By using a top-down laser irradiation approach, mono-
crystalline, well-uniform, and spherical-shaped Au nanospheres have been created 
(Liu et al. 2015a, b).
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Both top-down and bottom-up techniques were used to prepare monodispersed 
spherical bismuth (Bi) NPs (Wang and Xia 2004). The colloidal characteristics of 
these NPs are found to be excellent. In bottom-up approach, bismuth acetate was 
boiled in ethylene glycol, but in the top-down approach, bismuth was converted to 
molten form and then emulsified within boiled diethylene glycol to synthesize NPs. 
The size of the NPs produced by both procedures ranged from 100 to 500 nm (Wang 
and Xia 2004). Because of the feasibility and less hazardous nature of processes, 
green and biogenic bottom-up syntheses are widely used. These techniques are both 
cost-effective and environmentally beneficial as they normally use plant extracts 
from biological systems to synthesize NPs. To prepare NPs, bacteria, yeast, fungi, 
Aloe vera, tamarind, and even human cells have been employed. The 
microorganisms and plant extracts were used as reducing agents to synthesize Au 
NPs from wheat and oat biomass (Ahmed and Ikram 2016; Parveen et al. 2016). 

18.5 Applications of NPs 

NPs possess a variety of potential applications, namely, in preparation of food, 
environmental cleanup, preclinical medicine, clinical medicine, physics, optics, 
and electronics. According to reports, 90% of drugs are insoluble in water and 
thus are not able to reach their targets (Carissimi et al. 2021). Various studies have 
been performed to improve drug delivery and higher efficacy of targeted drug 
delivery. In recent times, the development of nanoparticle-based delivery systems 
has instigated site-specific and target-oriented delivery of a variety of drugs or 
therapeutic agents or natural-based active compounds for the treatment of various 
chronic human diseases. In NDDSs, targeted drug delivery using nanomaterials or 
nanoformulations can be done actively or passively. In active targeting, therapeutic 
agents such as antibodies or peptides conjugated to a tissue- or cell-specific ligand, 
which anchors them to reach at the receptor site of the targeted cell. In passive 
targeting, conjugated therapeutic drug and nanocarrier reach the target organ through 
bloodstream, and this type of target method is influenced by pH, temperature, 
molecular site, and shape (Singh and Lillard 2009; Patra et al. 2018). For NDD, 
the main target sites in the body are lipid components or receptors of cell membrane 
and cell surface proteins or antigens. NDDSs show their most applications are in the 
delivery of chemotherapeutic agents, immunotherapeutics, anti-inflammatories, 
antibiotics, anesthesia, hormones, etc. The most commonly used targeting agents 
for drug delivery are liposomes, peptides, antibodies, designed proteins, nucleic acid 
aptamers, and other small organic molecules (Rizvi and Saleh 2018; Carissimi et al. 
2021). For the development of immunotherapeutics, T cells are the direct targets in 
the pathology and in giving immunotherapies in diseases like T cell lymphocytic 
leukemia, T cell lymphoma, and human immunodeficiency virus (HIV) infection 
(Cevaal et al. 2021) (Fig. 18.3).
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Fig. 18.3 Application of nanoparticle-based drug delivery system 

18.5.1 Cancer Therapy 

The use of nanotechnology in cancer detection, therapy, and management has 
opened a new area of research. NPs increase the intracellular concentration of 
medications while avoiding toxicity in healthy tissue, through either active or 
passive targeting. To establish and regulate drug release, targeted NPs can be 
developed and adjusted to be pH-sensitive or temperature-sensitive. Within the 
acidic TME, the pH-sensitive drug delivery system can distribute pharmaceuticals. 
Temperature-sensitive NPs release medications into the target site in response to 
temperature changes brought on by sources such as magnetic fields and ultrasonic 
waves. Furthermore, NPs’ physicochemical properties, such as shape, size, molecu-
lar mass, and surface chemistry, play an important role in the process of immuno-
therapy using NPs. The immune system plays a crucial role in the establishment and 
growth of cancer cells. The development of immunotherapy has transformed cancer 
treatment. NPs have been discovered to aid in the delivery of chemotherapy to 
specific targets and can also be utilized in conjunction with immunotherapy. Immune



checkpoint blockade therapy, cancer vaccine therapy, and chimeric antigen receptor 
(CAR)-T cell therapy are all examples of immunotherapy techniques aimed at 
stimulating the immune system against cancer cells. Moreover, the nanotechnology 
has given tremendous outcomes for cancer diagnosis, detection, and therapy and 
circumventing multidrug resistance (Levinsen et al. 2016). The inorganic NPs like 
dendrimers, micelles, liposomes, and nanotubes are used for the delivery of chemo-
therapeutic agents. Many metal NPs such as silver, gold, palladium, platinum, zinc 
oxide, titanium oxide, and metal sulfides have also been used in the drug delivery 
systems for cancer treatment. 
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18.5.2 HIV/AIDS Treatment 

For the treatment of HIV/AIDS, highly active antiretroviral therapy (HAART) is 
used in which multiple drugs (three or more) were given in a combined form. Many 
studies have shown that the nanoparticles loaded with antiretroviral drugs were able 
to target monocytes and macrophages in vitro. For example, poly(lactic-co-glycolic 
acid) (PLGA) was used to prepare nanoparticles in which three antiretroviral 
drugs—ritonavir, lopinavir, and efavirenz—were entrapped, and this NDDS 
sustained drug release for over 4 weeks (28 days), while free drugs were eliminated 
within 48 h (2 days) from the body (Destache et al. 2009; Rizvi and Saleh 2018). 

18.5.3 Diagnosis and Testing 

The use of nanoparticles for diagnostic purposes is a highly explored area of NDDSs. 
Nanoparticles help in diagnosis and identification of the stage of diseases which can 
report the location and provide information regarding treatment responses (Patra 
et al. 2018; Rizvi and Saleh 2018). The development of quantum dots allows 
monitoring of various biological events simultaneously by tagging which can be 
defined by many customized specific colors. Their absorption spectrum ranges from 
UV to a wavelength of a visible spectrum which provides photostability, high 
quantum yield, and tunable emission spectrum. Size of the nanodot specifies the 
spectrum where individual particle falls, e.g., larger particles have longer 
wavelengths and narrow emission (Rizvi and Saleh 2018). According to studies, 
theranostic nanoparticles such as surfactant aggregates (micelles and vesicles), 
dendrimers, drug conjugates, core-shell particles, and carbon nanotubes are used 
for monitoring of pathway and localization of nanoparticles at the site of drug target 
and also monitor action of drug to assess therapeutic response by combining both 
drug and imaging agent (Bhojani et al. 2010; Janib et al. 2010).
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18.6 Other Applications of NPs 

18.6.1 Nosocomial Infections 

Hospital acquired infections (nosocomial infections) are the greatest cause of death 
(Wenzel 2007). The 60–70% of nosocomial infections are linked to bacterial con-
tamination of medical devices that have been implanted (Donlan 2001; Bryers 
2008). The antimicrobial properties of a large number of synthesized NPs such as 
silica/iron oxide NPs, graphene, graphene oxide, bifunctional Fe3O4-Ag NPs, tita-
nium, copper, zinc, silver, and gold have been investigated (Kang et al. 2008; 
Rodrigues and Elimelech 2010; Narayanan and Sakthivel 2011; Santos et al. 2012; 
Mejias Carpio et al. 2014; Musico et al. 2014;Rodrigues et al. 2015). 

18.6.2 Preparation of Food 

Nanotechnology-based applications are used to improve the procurement of raw 
materials, sorting and grading, primary processing, packing, transportation and 
storage, and food processing. Enhancing palatability, toxin elimination, enzyme 
deactivation, spoilage organisms, pathogens, and additional fortification and enrich-
ment with micronutrients are the key deliverables of food processing in which 
nanotechnology based techniques are invariably used. Nanostructured food 
ingredients are being produced with the promise of better taste, texture, and consis-
tency. Nanotechnology is also used to extend the shelf life of various food 
ingredients and reduce the amount of food waste caused by microbial infestation 
(Pradhan et al. 2015). 

18.6.3 Solar Power 

Nanotechnology-enhanced prototype solar panels convert sunlight to electricity 
more efficiently than normal designs, paving the way for less expensive solar 
power. Because they can be produced in flexible rolls rather than isolated panels, 
nanostructured solar cells are already cheaper to make and install. Through improved 
catalysis, nanotechnology is increasing the efficiency of fuel generation from regular 
and low-grade raw petroleum materials as well as fuel consumption (Hussein 2015). 

18.6.4 Cleanup of the Environment 

Nanotechnology is helpful in identification and cleaning up of environmental toxins. 
Through quick, low-cost detection and treatment of contaminants in water, nano-
technology could assist in addressing the demand for affordable, clean drinking 
water. For energy-efficient desalination, a thin film membrane incorporating 
nanopores has been developed. The molybdenum disulfide (MoS2) membrane



filtered two to five times the amount of water as contemporary filters. NPs are being 
created to remove industrial water contaminants from groundwater by chemical 
processes that render the pollutants harmless. This method would be less expensive 
than systems that require the water to be pumped out of the ground for treatment. 
Current cleanup technology is not significantly and economically adequate to solve 
all of today’s cleanup needs. Nanotechnology is one of the most important trends in 
science and perceived as one of the key technologies of the present century (Zhang 
and Elliot 2006). Nanoscale iron particles are very effective for the transformation 
and detoxification of a wide variety of common environmental contaminants, such as 
chlorinated organic solvents, organochlorine pesticides, and PCBs (Rickerby and 
Morrison 2007). 
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18.6.5 Energy Harvesting 

The NPs have large surface area and optical characteristics and they are catalytic in 
nature. NPs were frequently used to generate energy from photoelectrochemical 
(PEC) and electrochemical water splitting (Mueller and Nowack 2008; Avasare et al. 
2015; Ning et al. 2016). There are many advanced choices for generating energy 
such as solar cells and piezoelectric generators (Fang et al. 2013; Lei et al. 2015; 
Gawande et al. 2016; Li et al. 2016). Nanotechnology can be used for affordable and 
safe drinking water through filtration and purification system (Mishra et al. 2012; 
Rabbani et al. 2016; Mobasser and Firoozi 2017). 

18.6.6 Agriculture 

Nanotechnology has been used to modify the genetic architecture of crop plants 
(Prasad et al. 2017). For targeted or controlled release of agrochemicals, nano-coated 
fertilizers, nano-sized nutrients, carbon-based nanomaterials, or engineered metal 
oxide and nano-pesticides are used, and they also have full biological effect without 
overdosing (Iavicoli et al. 2017). 

18.6.7 Improving Life Standards with Nanoelectronics 

The nanotechnology has a lot of promise for improving the capabilities of electronic 
components, particularly in terms of reducing their size, weight, and power con-
sumption. Indeed, because electronic components are typically small and light, 
shrinking these dimensions to the nanoscale level allows for the creation of elec-
tronic devices with far greater capabilities, as it allows for the incorporation of far 
more components while also reducing the device’s size and weight. The advances in 
nanotechnology may enable the development of new types of electronic components 
that can be employed in both traditional and modern electronic devices. Researchers



are working on a memory chip that could have a memory density of one terabyte per 
square inch or higher (Bhatia et al. 2013). 
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18.7 Nanotechnology in Future 

Nanotechnology has the potential to generate multifunctional materials in the con-
struction and maintenance of safer, smarter, lighter, and more efficient vehicles like 
spacecraft, airplanes, and ships. Nanotechnology also provides a number of options 
for nanoengineered materials in automotive products such as structural parts made 
up of polymer nanocomposites, high-power rechargeable battery systems, thermo-
electric materials which can be used for temperature control, lower rolling-resistance 
tires, high efficiency and low-cost sensors or electronics, smart solar panels having 
thin films, fuel additives, and improved catalytic converters for cleaner exhaust and 
extended range. 

The nanoengineering of steel, aluminum, asphalt, or concrete and other cementi-
tious materials with their recycled forms has a lot of potential as they can enhance the 
performance, resiliency, and life span of roadways and infrastructure of transport 
components while lowering their costs. Nanotechnology proves its great usage in 
either chemical or physical modification of individual atoms and molecules at a 
specific location. This new age technology also makes possible to develop devices 
which can scan and manipulate objects at near atomic scale (Kubik et al. 2005). 

18.8 Conclusion 

Nanotechnology established itself as an advanced field of science where intense 
research is carried out to implement the technology. The size of NPs ranges from a 
few nanometers to 500 nanometers. Based on material used in synthesis, NPs are 
classified as carbon-based, metal-based, ceramic, semiconductor, nanoshell, etc. NPs 
can also be categorized into organic and inorganic NPs. Morphology, structure, 
particle size, surface area, and optical properties are used in characterization of 
different NPs. Each category of NP has a significant application based on its 
properties. Despite the fact that NPs are valuable for a variety of applications, their 
unpredictable use and discharge pose significant health risks. Due to recent advances 
in nanotechnology, poorly soluble, poorly absorbed and labile biologically active 
compounds have been re-modified into viable, delivery able pharmaceuticals. In 
recent years, toxicity profiling of NPs has become a popular study topic all around 
the world. Natural NPs have been around for a long time in the ecosystem, and they 
contain some processes that make them less toxic to living things. In past few years, 
NPs are tested for many new and different applications which enhance the efficiency 
and performance of the object or process, and subsequently cost is reduced which 
makes NP-based nanotechnology accessible to everyone. Thus, nanotechnology has 
a great future because of its efficiency and environment-friendly properties.



574 T. Chansoriya et al.

References 

Ahmed S, Ikram S (2016) Biosynthesis of gold nanoparticles: a green approach. J Photochem 
Photobiol B Biol 161:141–153 

Ali S, Khan I, Khan SA, Sohail M, Ahmed R, Rehman AU, Ansari MS, Morsy MA (2017) 
Electrocatalytic performance of Ni@ Pt core–shell nanoparticles supported on carbon nanotubes 
for methanol oxidation reaction. J Electroanal Chem 795:17–25 

Ashcroft JM, Tsyboulski DA, Hartman KB, Zakharian TY, Marks JW, Weisman RB, Rosenblum 
MG, Wilson LJ (2006) Fullerene (C60) immunoconjugates: interaction of water-soluble C60 
derivatives with the murine anti-gp240 melanoma antibody. Chem Commun 26:3004–3006 

Avasare V, Zhang Z, Avasare D, Khan I, Qurashi A (2015) Room-temperature synthesis of TiO2 

nanospheres and their solar driven photoelectrochemical hydrogen production. Int J Energy Res 
39(12):1714–1719 

Basher MK, Mishan R, Biswas S, Khalid Hossain M, Akand MAR, Matin MA (2019) Study and 
analysis the Cu nanoparticle assisted texturization forming low reflective silicon surface for 
solar cell application. AIP Adv 9(7):075118 

Bedker F, Morup S, Linderoth S (1994) Surface effects in metallic iron nanoparticles. Phys Rev Lett 
72(2):282–285 

Bello SA, Agunsoye JO, Hassan SB (2015) Synthesis of coconut shell nanoparticles via a top down 
approach: assessment of milling duration on the particle sizes and morphologies of coconut shell 
nanoparticles. Mater Lett 159:514–549 

Bhatia S, Raman A, Lal N (2013) The shift from microelectronics to nanoelectronics: a review. Int J 
Adv Res Comput Commun Eng 2(11):4464–4468 

Bhojani MS, Van Dort M, Rehemtulla A, Ross BD (2010) Targeted imaging and therapy of brain 
cancer using theranostic nanoparticles. Mol Pharm 7(6):1921–1929 

Biradar S, Ravichandran P, Gopikrishnan R, Goornavar V, Hall JC, Ramesh V, Baluchamy S, 
Jeffers RB, Ramesh GT (2011) Calcium carbonate nanoparticles: synthesis, characterization and 
biocompatibility. J Nanosci Nanotechnol 11(8):6868–6874 

Bisht V, Rajeev KP, Banerjee S (2010) Anomalous magnetic behavior of CuO nanoparticles. Solid 
State Commun 150(17–18):884–887 

Bochenkov VE, Zagorsky VV, Sergeev GB (2004) Chemi-resistive properties of lead 
nanoparticles, covered by oxide and sulfide layer. Sensors Actuators B Chem 103(1–2): 
375–379 

Brichkin SB (2015) Synthesis and properties of colloidal indium phosphide quantum dots. Colloid J 
77(4):393–403 

Bryers JD (2008) Medical biofilms. Biotechnol Bioeng 100:1–18 
Cai L, Chen J, Liu Z, Wang H, Yang H, Ding W (2018) Magnesium oxide nanoparticles: effective 

agricultural antibacterial agent against Ralstonia solanacearum. Front Microbiol 9:1–19 
Carissimi G, Montalban MG, Fuster MG, Víllora G (2021) Nanoparticles as drug delivery 

systems. In: Pham PV (ed) 21st Century nanostructured materials—physics, chemistry, classifi-
cation, and emerging applications in industry, biomedicine, and agriculture. Intech Open, 
London, pp 227–250 

Cevaal PM, Ali A, Czuba-Wojnilowicz E, Symons J, Lewin SR, Cortez-Jugo C, Caruso F (2021) In 
vivo T cell-targeting nanoparticle drug delivery systems: considerations for rational design. ACS 
Nano 15(3):3736–3753 

Challa PR, Das BB (2019) Methods to monitor resources and logistic planning at project sites. In: 
Das B, Neithalath N (eds) Sustainable construction and building materials. Springer, Singapore, 
pp 793–802 

Chandrakala V, Aruna V, Angajala G (2022) Review on metal nanoparticles as nanocarriers: 
current challenges and perspectives in drug delivery systems. Emerg Mater 4:1–23 

Chandrasekaran S, King MR (2014) Microenvironment of tumor-draining lymph nodes: 
opportunities for liposome-based targeted therapy. Int J Mol Sci 15(11):20209–20239



18 Nanoparticle-Based Drug Delivery System for Beginners 575

Crisan CM, Mocan T, Manolea M, Lasca LI, Tabaran FA, Mocan L (2021) Review on silver 
nanoparticles as a novel class of antibacterial solutions. Appl Sci 11(3):1120 

Daniel MC, Astruc D (2004) Gold nanoparticles: assembly, supramolecular chemistry, quantum-
size-related properties, and applications toward biology, catalysis, and nanotechnology. Chem 
Rev 104(1):293–346 

Deng Y, Zhang X, Shen H, He Q, Wu Z, Liao W, Yuan M (2020) Application of the nano-drug 
delivery system in treatment of cardiovascular diseases. Front Bioeng Biotechnol 7(489):1–18 

Destache CJ, Belgum T, Christensen K, Shibata A, Sharma A, Dash A (2009) Combination 
antiretroviral drugs in PLGA nanoparticle for HIV-1. BMC Infect Dis 9(198):1–8 

Dolez PI (2015) Nanomaterials definitions, classifications and applications. In: Dolez PI 
(ed) Nanoengineering: global approaches to health and safety issues. Elsevier, Amsterdam, pp 
3–40 

Donlan RM (2001) Biofilms and device-associated infections. Emerg Infect Dis 7(2):277–281 
Dreaden EC, Alkilany AM, Huang X, Murphy CJ, El-Sayed MA (2012) The golden age: gold 

nanoparticles for biomedicine. Chem Soc Rev 41(7):2740–2779 
Fang XQ, Liu JX, Gupta V (2013) Fundamental formulations and recent achievements in piezo-

electric nano-structures: a review. Nanoscale 5(5):1716–1726 
Gawande MB, Goswami A, Felpin FX, Asefa T, Huang X, Silva R, Zou X, Zboril R, Varma RS 

(2016) Cu and Cu-based nanoparticles: synthesis and applications in catalysis. Chem Rev 
116(6):3722–3811 

George PP, Gedanken A, Makhlouf SBD (2009) Synthesis and characterization of titanium nitride, 
niobium nitride, and tantalum nitride nanocrystals via the RAPET (reaction under autogenic 
pressure at elevated temperature) technique. J Nanopart Res 11:995–1003 

Grigore ME, Biscu ER, Holban AM, Gestal MC, Grumezescu AM (2016) Methods of synthesis, 
properties and biomedical applications of Cuo nanoparticles. Pharmaceuticals 9(4):1–14 

Hisatomi T, Kubota J, Domen K (2014) Recent advances in semiconductors for photocatalytic and 
photoelectrochemical water splitting. Chem Soc Rev 43(22):7520–7535 

Hoque MA, Ahmed MR, Rahman GT, Rahman MT, Islam MA, Khan MA, Hossain MK (2018) 
Fabrication and comparative study of magnetic Fe and α-Fe2O3 nanoparticles dispersed hybrid 
polymer (PVA+ Chitosan) novel nanocomposite film. Results Phys 10:434–443 

Hossain MK, Pervez MF, Mia MN, Mortuza AA, Rahaman MS, Karim MR, Islam JM, Ahmed F, 
Khan MA (2017) Effect of dye extracting solvents and sensitization time on photovoltaic 
performance of natural dye sensitized solar cells. Results Phys 7:1516–1523 

Hossain MK, Mortuza AA, Sen SK, Basher MK, Ashraf MW, Tayyaba S, Mia MN, Uddin MJ 
(2018a) A comparative study on the influence of pure anatase and Degussa-P25 TiO2 

nanomaterials on the structural and optical properties of dye sensitized solar cell (DSSC) 
photoanode. Optik 171:507–516 

Hossain MK, Pervez MF, Uddin MJ, Tayyaba S, Mia MN, Bashar MS, Jewel MK, Haque MA, 
Hakim MA, Khan MA (2018b) Influence of natural dye adsorption on the structural, morpho-
logical and optical properties of TiO2 based photoanode of dye-sensitized solar cell. Mater Sci 
36(1):93–101 

Hussein AK (2015) Applications of nanotechnology in renewable energies—a comprehensive 
overview and understanding. Renew Sust Energ Rev 42:460–476 

Iavicoli I, Leso V, Beezhold DH, Shvedova AA (2017) Nanotechnology in agriculture: 
opportunities, toxicological implications and occupational risks. Toxicol Appl Pharmacol 329: 
96–111 

Iravani S (2011) Green synthesis of metal nanoparticles using plants. Green Chem 13(10): 
2638–2650 

Janib SM Moses AS MacKay JA (2010) Imaging and drug delivery using theranostic nanoparticles. 
Advanced drug delivery reviews 62(11):1052–1063 

Joy PA, Kumar PA, Date SK (1998) The relationship between field cooled and zero field cooled 
susceptibilities of some ordered magnetic systems. J Phys Condens Matter 10(48):11049–11054



576 T. Chansoriya et al.

Kang S, Herzberg M, Rodrigues DF, Elimelech M (2008) Antibacterial effects of carbon nanotubes: 
size does matter. Langmuir 24(13):6409–6413 

Kaskel S, Schlichte K, Chaplais G, Khanna M (2003) Synthesis and characterisation of titanium 
nitride-based nanoparticles. J Mater Chem 13:1496–1499 

Khan I, Abdalla A, Qurashi A (2017) Synthesis of hierarchical WO3 and Bi2O3/WO3 

nanocomposite for solar-driven water splitting applications. Int J Hydrog Energy 42(5): 
3431–3439 

Khan MI, Hossain MI, Hossain MK, Rubel MH, Hossain KM, Mahfuz AM, Anik MI (2022) Recent 
progress in nanostructured smart drug delivery systems for cancer therapy: a review. ACS Appl 
Biomater 5(3):971–1012 

Kubik T, Bogunia-Kubik K, Sugisaka M (2005) Nanotechnology on duty in medical applications. 
Curr Pharm Biotechnol 6:17–33 

Lan Y, Li J, Wong-Ng W, Derbeshi RM, Li J, Lisfi A (2016) Free-standing self-assemblies of 
gallium nitride nanoparticles: a review. Micromachines (Basel) 7(9):1–22 

Laurent S, Forge D, Port M, Roch A, Robic C, Vander Elst L, Muller RN (2010) Magnetic iron 
oxide nanoparticles: synthesis, stabilization, vectorization, physicochemical characterizations, 
and biological applicatons. Chem Rev 108(6):2064–2110 

Lei YM, Huang WX, Zhao M, Chai YQ, Yuan R, Zhuo Y (2015) Electrochemiluminescence 
resonance energy transfer system: mechanism and application in ratio metricaptasensor for lead 
ion. Anal Chem 87(15):7787–7794 

Levinsen M, Harila-Saari A, Grell K, Jonsson OG, Taskinen M, Abrahamsson J, Vettenranta K, 
Åsberg A, Risteli J, Heldrup J, Schmiegelow K (2016) Efficacy and toxicity of intrathecal 
liposomal cytarabine in first-line therapy of childhood acute lymphoblastic leukemia. J Pediatr 
Hematol Oncol 38(8):602–609 

Li D, Baydoun H, Verani CN, Brock SL (2016) Efficient water oxidation using CoMnP 
nanoparticles. J Am Chem Soc 138(12):4006–4009 

Li M, Du C, Guo N, Teng Y, Meng X, Sun H, Li S, Yu P, Galons H (2019) Composition design and 
medical application of liposomes. Eur J Med Chem 164:640–653 

Liu D, Li C, Zhou F, Zhang T, Zhang H, Li X, Duan G, Cai W, Li Y (2015a) Rapid synthesis of 
monodisperse au nanospheres through a laser irradiation-induced shape conversion, self-
assembly and their electromagnetic coupling SERS enhancement. Sci Rep 5(1):1–9 

Liu J, Liu Y, Liu N, Han Y, Zhang X, Huang H, Lifshitz Y, Lee ST, Zhong J, Kang Z (2015b) 
Metal-free efficient photocatalyst for stable visible water splitting via a two-electron pathway. 
Science 347(6225):970–974 

Liu YK, Ye J, Han QL, Tao R, Liu F, Wang W (2015c) Toxicity and bioactivity of cobalt 
nanoparticles on the monocytes. Orthop Surg 7(2):168–173 

Mabena LF, Sinha Ray S, Mhlanga SD, Coville NJ (2011) Nitrogen-doped carbon nanotubes as a 
metal catalyst support. Appl Nanosci 1(2):67–77 

Meier C, Gondorf A, Lüttjohann S, Lorke A, Wiggers H (2007) Silicon nanoparticles: absorption, 
emission and the nature of the electronic bandgap. J Appl Phys 101(10):103–112 

Mejias Carpio IE, Mangadlao J, Nguyen HN, Advincula R, Rodrigues DF (2014) Graphene oxide 
functionalized with ethylenediamine triacetic acid for heavy metal adsorption and anti-microbial 
applications. Carbon 77:289–301 

Mishra Y, Chakravadhanula V, Hrkac V, Jebril S, Agarwal D, Mohapatra S, Adelung R (2012) 
Crystal growth behaviour in Au-ZnO nanocomposite under different annealing environments 
and photo switch ability. J Appl Phys 112(6):301–309 

Mitchell MJ, Billingsley MM, Haley RM, Wechsler ME, Peppas NA, Langer R (2021) Engineering 
precision nanoparticles for drug delivery. Nat Rev Drug Discov 20:101–124 

Mobasser S, Firoozi A (2017) Review of nanotechnology applications in science and engineering. J 
Civil Eng Urban 6(4):84–93 

Mogilevsky G, Hartman O, Emmons ED, Balboa A, DeCoste JB, Schindler BJ, Iordanov I, 
Karwacki CJ (2014) Bottom-up synthesis of anatase nanoparticles with graphene domains. 
ACS Appl Mater Interfaces 6(13):10638–10648



18 Nanoparticle-Based Drug Delivery System for Beginners 577

Mueller NC, Nowack B (2008) Exposure modeling of engineered nanoparticles in the environment. 
Environ Sci Technol 42(12):4447–4453 

Musico YLF, Santos CM, Dalida MLP, Rodrigues DF (2014) Surface modification of membrane 
filters using graphene and graphene oxide-based nanomaterials for bacterial inactivation and 
removal. ACS Sustain Chem Eng 2:1559–1565 

Nagalingam A (2017) Drug delivery aspects of herbal medicines. Focus on inflammation. In: 
Arumugam S, Watanabe K (eds) Japanese treatment of common diseases: focus on inflamma-
tion. Elsevier, Tokyo, pp 143–203 

Narayanan KB, Sakthivel N (2011) Green synthesis of biogenic metal nanoparticles by terrestrial 
and aquatic phototrophic and heterotrophic eukaryotes and biocompatible agents. Adv Colloid 
Interf Sci 169:59–79 

Nayak MK, Singh J, Singh B, Soni S, Pandey VS, Tyagi S (2017) Introduction to semiconductor 
nanomaterial and its optical and electronics properties. In: Gupta RK, Misra M (eds) Metal 
semiconductor core-shell nanostructures for energy and environmental applications. Elsevier, 
Amsterdam, pp 1–33 

Needham D, Arslanagic A, Glud K, Hervella P, Karimi L, Hoeilund-Carlsen PF, Kinoshita K, 
Mollenhauer J, Parra E, Utoft A, Walke P (2016) Bottom-up design of nanoparticles for anti-
cancer diapeutics “put the drug in the cancer’s food”. J Drug Target 24(9):836–856 

Ngoy JM, Wagner N, Riboldi L, Bolland O (2014) A CO2 capture technology using multi-walled 
carbon nanotubes with polyaspartamide surfactant. Energy Procedia 63:2230–2248 

Nguyen CH, Field JA, Sierra-Alvarez R (2020) Microbial toxicity of gallium-and indium-based 
oxide and arsenide nanoparticles. J Environ Sci Health A 55(2):168–178 

Ning F, Shao M, Xu S, Fu Y, Zhang R, Wei M, Evans DG, Duan X (2016) TiO2/graphene/NiFe-
layered double hydroxide nanorod array photoanodes for efficient photoelectrochemical water 
splitting. Energy Environ Sci 9(8):2633–2643 

Parveen K, Banse V, Ledwani L (2016) Green synthesis of nanoparticles: their advantages and 
disadvantages. AIP Conf Proc 1724(1):1–7 

Parvej MS, Khan MI, Hossain MK (2022) Preparation of nanoparticles-based polymer 
composites. In: Rangappa SM, Parameswaranpillai J, Yashas TG, Siengchin S, Seydibeyoglu 
MO (eds) Metal nanoparticle-based polymer composites. Woodhead Publishing, New Delhi, pp 
1–94 

Patra JK, Das G, Fraceto LF, Campos EVR, Rodriguez-Torres MDP, Acosta-Torres LS, Diaz-
Torres LA, Grillo R, Swamy MK, Sharma S, Habtemariam S, Shin HS (2018) Nano based drug 
delivery systems: recent developments and future prospects. J Nanobiotechnol 16(71):1–33 

Pizzagalli L, Galli G, Klepeis JE, Gygi F (2001) Structure and stability of germanium nanoparticles. 
Phys Rev B 63(16):1653241–1653245 

Pradhan N, Singh S, Ojha N (2015) Facets of nanotechnology as seen in food processing, packaging 
and preservation industry. Biomed Res Int 365672:1–17 

Prasad R, Bhattacharyya A, Nguyen QD (2017) Nanotechnology in sustainable agriculture: recent 
developments, challenges and perspectives. Front Microbiol 8(1014):1–13 

Prokop A, Davidson JM (2008) Nanovehicular intracellular delivery systems. J Pharm Sci 97(9): 
3518–3590 

Rabbani MM, Ahmed I, Park SJ (2016) Application of nanotechnology to remediate contaminated 
soils. In: Rahman AM (ed) Environmental remediation technologies for metal-contaminated 
soils. Springer, Tokyo, pp 219–229 

Reddington E, Sapienza A, Gurau B, Viswanathan R, Sarangapani S, Smotkin ES, Mallouk TE 
(1998) Combinatorial electrochemistry: a highly parallel, optical screening method for discov-
ery of better electrocatalysts. Science 280(5370):1735–1737 

Render D, Samuel T, King H, Vig M, Jeelani S, Babu RJ, Rangari V (2016) Biomaterial-derived 
calcium carbonate nanoparticles for enteric drug delivery. J Nanomater 2016:1–8 

Rickerby DG, Morrison M (2007) Nanotechnology and the environment: a European perspective. 
Sci Technol Adv Mater 8(1):19–24



578 T. Chansoriya et al.

Rizvi SAA, Saleh AM (2018) Applications of nanoparticle systems in drug delivery technology. 
Saudi Pharmaceutical Journal 26:64–70 

Rodrigues DF, Elimelech M (2010) Toxic effects of single-walled carbon nanotubes in the 
development of E. coli biofifilm. Environ Sci Technol 44:4583–4589 

Rodrigues DF, Advincula RC, Claydon F, Santos CM, Tria TRM (2015) Nanocomposite polymer-
carbon based nanomaterial filters for the simultaneous removal of bacteria and heavy metals. US 
Patent US8:736-925 

Rubel MHK, Hossain MK (2022) Crystal structures and properties of nanomagnetic materials. In: 
Gupta RK, Mishra SR, Nguyen TA (eds) Fundamentals of low dimensional magnets. CRC 
Press, Boca Raton, pp 177–200 

Saeed K, Khan I (2014) Preparation and properties of single-walled carbon nanotubes/poly (butyl-
ene terephthalate) nanocomposites. Iran Polym J 23:53–58 

Saeed K, Khan I (2016) Preparation and characterization of single-walled carbon nanotube/nylon 
6, 6 nanocomposites. Instrum Sci Technol 44(4):435–444 

Saha SMK, Ali MH, Hossen MF, Pervez MF, Mia MNH, Hossain MK (2018) Structural, morpho-
logical and optical properties of CuO thin films treated by gamma ray. In: International 
conference on computer, communication, chemical, material and electronic engineering 
(IC4ME2). Institute of Electrical and Electronics Engineers (IEEE), New York, pp 1–4 

Santos CM, Mangadlao J, Ahmed F, Leon A, Advincula RC, Rodrigues DF (2012) Graphene 
nanocomposite for biomedical applications: fabrication, antimicrobial and cytotoxic 
investigations. Nanotechnology 23(39):1–10 

Sarfraz M, Afzal A, Yang T, Gai Y, Raza SM, Khan MW, Cheng Y, Ma X, Xiang G (2018) 
Development of dual drug loaded nanosized liposomal formulation by a reengineered ethanolic 
injection method and its pre-clinical pharmacokinetic studies. Pharmaceutics 10:1–22 

Sigmund W, Yuh J, Park H, Maneeratana V, Pyrgiotakis G, Daga A, Taylor J, Nino JC (2006) 
Processing and structure relationships in electrospinning of ceramic fiber systems. J Am Ceram 
Soc 89(2):395–407 

Singh R, Lillard JW Jr (2009) Nanoparticle-based targeted drug delivery. Exp Mol Pathol 86(3): 
215–223 

Stankic S, Müller M, Diwald O, Sterrer M, Knözinger E, Bernardi J (2005) Size-dependent optical 
properties of MgO nanocubes. Angew Int Chem Int Ed 44(31):4917–4920 

Sun S, Murray CB, Weller D, Folks L, Moser A (2000) Monodisperse FePt nanoparticles and 
ferromagnetic FePt nanocrystal superlattices. Science 287(5460):1989–1992 

Tan CY, Yaghoubi A, Ramesh S, Adzila S, Purbolaksono J, Hassan MA, Kutty MG (2013) 
Sintering and mechanical properties of MgO-doped nanocrystalline hydroxyapatite. Ceram Int 
39(8):8979–8983 

Tang S, Zheng J (2018) Antibacterial activity of silver nanoparticles: structural effects. Adv Healthc 
Mater 7(13):1–10 

Temple T, Bagnall DM (2011) Optical properties of gold and aluminium nanoparticles for silicon 
solar cell applications. J Appl Phys 109(8):1–13 

Thomas SC, Harshita, Mishra PK, Talegaonkar S (2015) Ceramic nanoparticles: fabrication 
methods and applications in drug delivery. Curr Pharm Des 21(42):6165–6188 

Tiwari JN, Tiwari RN, Kim KS (2012) Zero-dimensional, one dimensional, two-dimensional and 
three-dimensional nanostructured materials for advanced electrochemical energy devices. Prog 
Mater Sci 57(4):724–803 

Verma N, Kumar N (2019) Synthesis and biomedical applications of copper oxide nanoparticles: an 
expanding horizon. ACS Biomater Sci Eng 5(3):1170–1118 

Wang Y, Xia Y (2004) Bottom-up and top-down approaches to the synthesis of monodispersed 
spherical colloids of low melting-point metals. Nano Lett 4(10):2047–2050 

Wenzel RP (2007) Health care-associated infections: major issues in the early years of the 21st 
century. Clin Infect Dis 45(1):S85–S88



18 Nanoparticle-Based Drug Delivery System for Beginners 579

Yeh YC, Creran B, Rotello VM (2012) Gold nanoparticles: preparation, properties and applications 
in bionanotechnology. Nanoscale 4(6):1871–1880 

Yingchoncharoen P, Kalinowski DS, Richardson DR (2016) Lipid-based drug delivery systems in 
cancer therapy: what is available and what is yet to come? Pharmacol Rev 68(3):701–787 

Zafar F, Iqbal A (2016) Indium phosphide nanowires and their applications in optoelectronic 
devices. Royal Soc. 472:1–18 

Zemtsova EG, Monin AV, Smirnov VM, Semenov BN, Morozov NF (2015) Formation and 
mechanical properties of alumina ceramics based on Al2O3 micro-and nanoparticles. Phys 
Mesomech 8(2):134–138 

Zhang WX, Elliot DW (2006) Applications of iron nanoparticles for groundwater remediation. 
Remed J 16(2):7–21 

Zhang Q, Zhang K, Xu D, Yang G, Huang H, Nie F (2014) CuO nanostructures: synthesis, 
characterization, growth mechanisms, fundamental properties and applications. Prog Mater 
Sci 60(1):208–337 

Zhang XF, Liu ZG, Shen W, Gurunathan S (2016) Silver nanoparticles: synthesis, characterization, 
properties, applications and therapeutic approaches. Int J Mol Sci 17(9):1–34 

Zhang Y, Ding Z, Zhao G, Zhang T, Xu Q, Cui B, Liu JX (2018) Transcriptional responses and 
mechanisms of copper nanoparticle toxicology on zebrafish embryos. J Hazard Mater 344: 
1057–1068 

Timanshi Chansoriya is working as a Ph.D. scholar in the 
Department of Zoology, University of Rajasthan, Jaipur. She did 
her B.Sc. and M.Sc. (Entomology) from the University of 
Lucknow. She is a Life Member of ISSRF and M.P. PCOS. 
Research work focuses on veterinary reproductive biology and 
nanotechnology. 

Barkha Khilwani is working as a Postdoctoral Fellow, 
Rashtriya Uchchatar Shiksha Abhiyan (RUSA 2.0), at the Depart-
ment of Zoology, University of Rajasthan, Jaipur. She did her Ph. 
D. research work at the Indian Institute of Science Education and 
Research (IISER), Mohali. She has published more than 15 inter-
national peer-reviewed research publications, and 2 are under 
communication.



580 T. Chansoriya et al.

Abdul Salam Ansari , Ph.D., FAMS, has been working in the 
Department of Zoology, University of Rajasthan, Jaipur, since 
1996. He has published around 80 research papers in reputed 
international journals and 18 textbooks/practical manuals/edited 
volumes. His outstanding research has significantly contributed to 
developing an ideal male contraceptive. He is involved in the 
phase III human clinical trials employing RISUG—a new perspec-
tive in nonhormonal male contraception—at Jaipur Centre. Cur-
rently, his research is focused on developing dual contraceptives, 
which could be applicable for both sexes with RISUG.


	18: Nanoparticle-Based Drug Delivery System for Beginners
	18.1 Introduction
	18.2 Properties of Nanoparticles
	18.3 Classification of Nanoparticles
	18.3.1 Carbon-Based NPs
	18.3.2 Liposomes and Micelles
	18.3.3 Metal NPs
	18.3.4 Ceramics NPs
	18.3.5 Semiconductor, Inorganic and Nanoshell NPs

	18.4 Synthesis of NPs
	18.4.1 Bottom-Up or Building-Up Synthesis
	18.4.2 Top-Down Synthesis

	18.5 Applications of NPs
	18.5.1 Cancer Therapy
	18.5.2 HIV/AIDS Treatment
	18.5.3 Diagnosis and Testing

	18.6 Other Applications of NPs
	18.6.1 Nosocomial Infections
	18.6.2 Preparation of Food
	18.6.3 Solar Power
	18.6.4 Cleanup of the Environment
	18.6.5 Energy Harvesting
	18.6.6 Agriculture
	18.6.7 Improving Life Standards with Nanoelectronics

	18.7 Nanotechnology in Future
	18.8 Conclusion
	References




