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	 The goal of nanotechnology is to develop new nanoscale components by designing, 
fabricating, and using materials that are atomically, molecularly, and macromolecular organized. 
For several decades, there has been an abundance of scientific curiosity in the administration 
of medicines using particle delivery systems as carriers for small and big molecules. Particulate 
systems, such as nanoparticles, have been utilized as a physical method to modify and improve 
the pharmacokinetic and pharmacodynamics aspects of numerous pharmaceutical molecules. 
A typical nanoparticle is between 1 and 100 nm in size and has one or more dimensions. 
Nanoparticles are usually categorized as inorganic, organic, or carbon-based particles according 
to their superior characteristics in comparison to larger sizes of the corresponding materials. 
They have been utilized in vivo to protect the drug entity in the systemic circulation, limiting 
drug distribution to the targeted areas, and to transport the drug at a controlled and sustained 
rate to its site of action. The most innovative and promising medication delivery technique at 
the moment is nanoparticle technology. This methodical research examines the categorization, 
characteristics, techniques, characterizations, and applications of nanoparticles in the delivery 
of drug molecules.

Keywords: Applications; Characterization; Drug delivery; Nanotechnology; Nanoparticles; 
Properties.

	 Nanotechnology is a comprehensive 
branch of technology that entails the creation and 
use of numerically calculated-scale materials, 
systems, or devices. Nanotechnology has been 
employed in nearly every aspect of everyday life 
as a result of its unique and inventive applications 
in a wide range of areas. The twenty-first century, 
also referred to as a “nano-century,” has been 
marked by nanotechnology as one of the most 

significant scientific efforts, with nanotechnology 
having an impact on many aspects of daily life. 
It is developing a range of goods with uses in 
many fields, including imaging, diagnostics, and 
the administration of medications.1 Over the past 
ten years, the prefix “nano” has become more and 
more applicable in a variety of scientific fields. A 
large public, including non-experts, is now familiar 
with a variety of new nano-related terminology 
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that has appeared often in scientific articles and 
popular media. Nanoscience, nanotechnology, 
nanomaterials, and nanochemistry are some of 
the words that fall under this category. The origin 
of the word “preface” may be traced back to the 
Latin word “nanus,” which literally translates to 
“extremely little.” Within the framework of the 
agreement governing the International System 
of Units, it is used to denote a factor of reduction 
that is 109 times greater. Because of this, the 
nanosized cosmos commonly has dimensions that 
are measured in nanometers, and it comprises 
systems that are bigger than molecular dimensions 
but smaller than macroscopic dimensions (which 
typically have values that fall between 1 nm and 
100 nm).2 There hasn’t been much work done in 
the area of nanotechnology research. It requires 
making economical use of available resources. 
Atoms and molecules act differently at this level, 
and as a result, this level may be utilized for a wide 
range of absorption applications. Recent years have 
seen a proliferation of research in several product 
domains pertaining to nanotechnology. It makes 
the production of substances possible, which is 
very useful in the medical field because there 
are often limitations placed on the predictability 
of treatment procedures. It is important to avoid 
thinking of nanotechnology as a singular strategy 
with few potential applications. Although it is 
sometimes referred to as “the little science,” 
nanotechnology is employed for much more than 
only the creation of things and structures that are 
extremely small. Nanoscale features are regularly 
incorporated into large surfaces as well as bulk 
materials.3 It is possible for pharmaceutical 
nanoparticles, which are solid drug carriers that 
are less than 100 nm in size, to be biodegradable. 
However, it is also possible for them not to be 
biodegradable. The term “nanoparticle” can refer 
to either nanospheres or nanocapsules depending 
on the context. Nanospheres are a grid structure 
in which the medication is evenly spread, whereas 
nanocapsules are a system in which the medication 
is encapsulated by a unique polymeric film. This 
in-depth study has a strong emphasis on the 
categorization of nanoparticles, as well as their 
processes of production and characterization, 
as well as the uses of these particles.4, 5 The 
nanomaterial graphene is widely recognised. 
Graphite, which is the most stable kind of carbon, is 

used in industry as both a lubricant and as the ‘lead’ 
in pencils. Graphite is a layered product composed 
of carbon atom sheets which form hexagonal 
patterns replicating benzene rings in each layer. 
Graphene is the name given to a monolayer of 
graphite.6

Classification
	 Organic, inorganic, as well as carbon-
based nanoparticles are among the three types.
Organic NPs
	 Organic nanoparticles can have several 
forms, some of the most well-known of which 
include micelles, dendrimers, ferritin, and 
liposomes. Some nanoparticles, such as micelles 
and liposomes, have hollow cores that are referred 
to as thin film-capsules. These thin film-capsules 
are sensitive to electromagnetic and thermal 
radiation. These nanoparticles are frequently 
utilized in the pharmaceutical industry as a result 
of the fact that they are inexpensive, that they may 
be transported into particular regions of the body, 
and that they are employed in medicine delivery 
systems. This tactic is sometimes referred to as 
“target drug delivery,” which is a word used to 
describe it. Examples: liposomes, dendrimers, 
micelles, etc.18

Inorganic NPs
	 These are carbon-free nanoparticles. 
Examples: Metal and metal oxide.
Metal NPs
	 “Aluminum (Al), cadmium (Cd), cobalt 
(Co), copper (Cu), and zinc (Zn) are the metals that 
are most frequently employed in the manufacturing 
of nanoparticles. Metal nanoparticles can be 
produced using chemical reducing agents by 
lowering the concentration of metal-ion precursors 
in the solution. These can take in small particles 
and have a high-energy surface. Researchers have 
employed these nanoparticles for biomolecule 
identification, picture processing, environmental 
analysis, and other purposes. For example, gold 
nanoparticles have been used to shield the object of 
study prior to SEM analysis. This was commonly 
done to increase electrical flow, enabling us to 
obtain better SEM pictures. Nanoparticles of metal 
have been used in a variety of scientific fields 
of research because of their outstanding optical 
properties.
Ceramic NPs
	 These particles are inorganic solids 
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comprised of carbide particles, carbonates, and 
phosphates that are oxides of iron, created via 
heating and cooling. Polycrystalline, dense, 
amorphous polycrystalline, dense, porous, and 
hollow variants are of great interest to researchers. 
By altering their chemical composition, they 
may be manufactured in drug delivery systems, 
which is particularly beneficial in the treatment of 
bacterial infections, glaucoma, and many types of 
malignancies.
Semiconductor NPs
	 The periodic table contains semiconductor 
nanoparticles in groups (II–VI, III–V, or IV–VI). 
When tuned, they exhibit a range of features 
and have broadband gaps. Applications for them 
include photocatalysis, electronics, photonics, 
and water splitting. Examples of nanoparticles 
constructed of semiconductors from groups III–V 
include GaN, GaP, INP, and InAs. A few examples 
of semiconductor nanoparticles from groups II to 
VI include ZnO, ZnS, CdS, CdSe, and CdTe.21

Polymeric NPs
	 These particles are mostly organic-based 
nanoparticles, and the scientific community refers 
to them collectively as “polymer particulate” 
(PNP). Depending on how much preparation 
has been done, these are either nanospheres or 
nanocapsules. In contrast to the latter, which are 
adsorbed at the sphere’s outer edge, the former are 
matrix molecules with a generally solid overall 
mass. In the latter scenario, the particle entirely 
encloses the solid mass. Due to its simplicity 
in functionalization. Polymer NPs provides 
Controlled release, drug molecule protection, 
the potential to combine therapy with imaging, 
selective targeting, and many other advantages. 
They can be used for both diagnosing problems and 
administering medications. Medication distribution 
by polymeric nanoparticles is non-toxic and 
biodegradable.
Lipid-based NPs
	 These particles are spherical and in 
range from 10 to 100 nm. They consist of a solid 
lipid-based core and a matrix of soluble lipophilic 
molecules that are emulsified and stabilized by 
surfactants. In biomedicine, they serve as RNA 
release mechanisms in cancer treatment as well as 
drug transporters and delivery systems.
Carbon-based NPs
	 CNTs and fullerenes are the two major 

components of carbon nanostructures. Carbon 
nanotubes are folded graphene sheets that are 100 
times stronger than steel and it is used for structural 
reinforcement. Heat is dispersed throughout the 
length of CNTs but not evenly throughout the tube. 
A carbon allotrope made up of sixty or more carbon 
atoms is the material known as Buck. The carbon 
atoms that make up these structures are arranged 
in pentagonal and hexagonal configurations.22 
Because of their electrical conductivity, high 
strength, and strong electron affinity, they have 
been used in trade. Because the rolled sheets can 
have one, or more walls, they are referred to as 
single-walled, double-walled, or multi-walled 
carbon nanotubes. They are frequently created by 
coating metal particles with carbon precursors, 
particularly molecular carbons that have been 
evaporated from graphite using an electric arc. 
They were just recently produced utilizing the 
CVD method (chemical vapor deposition). These 
materials are used for applications, including fillers, 
effective gas adsorbents, and support media for 
various inorganic and organic catalysts.23, 24

Physical Properties
	 The visual, mechanical, and electrical 
characteristics of nanoparticles are crucial to 
their use. Color, the capacity to both absorb 
and reflect light, the capacity to both absorb 
and reflect ultraviolet radiation, as well as the 
qualities of being elastic, ductile, tensile, and 
flexible, are a few examples of these traits. In 
addition to their magnetic and electrical properties, 
which include conductivity, semi conductivity, 
and resistivity, they also include hydrophilicity, 
hydrophobicity, suspension, and settling traits. 
As a result, nanoparticles are now used in 
contemporary electronics for applications like 
thermal conductivity.
Chemical Properties
	 These properties include reactivity, 
stability, and susceptibility to various variables. 
They are useful for biological and environmental 
applications because of their antibacterial, 
antifungal, disinfecting, and toxicological 
characteristics. They are also oxidative, reducible, 
flammable, anti-corrosive, corrosive, and anti-
corrosive.46

Methods of nanoparticle preparation
	 Here are a few techniques for creating 
nanoparticles.
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Table 1. Many organizations clarify nanoparticles along with nanomaterials as follows: 8, 9

Organization 	 Nanoparticles	 Nanomaterials

“American Society of Testing 	 A nanoscale particle has a 	 -
and Materials	 length between 1-100 nm across 
	 at least two locations.	
International Organization 	 A particle with 1-100 nm 	 -
for Standardization	 in diameter.
National Institute of 	 A particle (1 and 100 nm) or 	 -
Occupational Safety and Health	 a filament with a diameter of 
	 1 to 100 nm.		
Scientific Committee on 	 A minimum of one side is 	 Materials with at least one 
Consumer Products	 nanoscale in size.	 nanoscale side or internal 
		  structure	
British Standards Institution	 All of the areas and dimensions 	 Materials having one side or 
	 are on the nanoscale.	 internal structure is in the 
		  nanoscale	
Bundesanstalt für 	 All the zones or diameters have 	 Materials that are created from 
Arbeitsschutz und 	 a nanoscale range.	 a nanostructure or a nanosubstance”
Arbeitsmedizin

Fig. 1. Structure of nanoparticles7

Cross-Linking Techniques
	 In  t h i s  t echn ique ,  amph iph i l i c 
macromolecules, proteins, and polysaccharides, 
which have a high affinity for both aqueous and 
lipid solvents, are used to create the nanoparticles. 
Amphiphilic molecules are first aggregated, then 
further stability is added by heat denaturation or 
chemical cross-linking. Bovine serum albumin, 
or protein aqueous solutions in oil are emulsified 
using high-frequency sonication. Heat cross-
linking occurs when the resultant water-only 
emulsion is added to warmed oil. In order to 
denature, agglomerate, and evaporate water, the 
protein solution in hot oil is stirred for a while. 
Before being centrifuged to separate the produced 

particles, they were washed with a natural solvent 
to get rid of any remaining oil. For materials that 
are susceptible to heat, chemical cross-linking is 
applied.
“Cross-linking can be done by two methods:”
Nanoparticles prepared by the polymerization 
method
Emulsion polymerization
	 In order to generate nanoparticles, 
monomers undergo polymerization in an aqueous 
solution. Adsorption or dissolution are the two 
methods that are used to incorporate drugs into 
nanoparticles. By ultracentrifuging the nanoparticle 
solution, the stabilizers, and surfactants that were 
used in the polymerization process may be removed. 
The nanoparticles can then be re-suspended in a 
medium that is isotonic and does not include any 
surfactants. It has been utilized in the production 
of nanoparticles made of polybutylcyanoacrylate 
or poly (alkyl cyanoacrylate).48-51

Dispersion polymerization
	 A homogeneous system is produced when 
monomers, initiators, and stabilizing agents are 
dissolved in an organic solvent and form polymer 
particles. The monomers and initiators are utilized 
as reaction media in this approach and are readily 
dissolved in a non-solvent. An aqueous monomer 
solution instantly undergoes nucleation. As a result, 
neither a stabilizer nor a surfactant is required. The 
same strategy as the polymerization of emulsion 
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Table 2. Merits and Demerits of Nanoparticles

Merits	 Demerits

* After intramuscular administration, nanoparticle 	 *	If taken in excess, nanoparticles might 
particle size and surface characteristics could be 	 harm the body’s immune system. 13, 14

readily improved to provide both active as well as 
passive medicine delivery.	

* Controlling and sustaining medication release 	 *	Fine particle inhalation can cause illnesses 
throughout transportation and localization is critical 	 such as silicosis, cancer, and emphysema.15

to obtaining high pharmacological therapeutic 
effectiveness with minimal adverse effects.
* Targeting ligands can be included in particles to 	 *	Nanoparticles are not absorbed through 
deliver site-specific targeting, which is magnetic 	 the skin because they irritate the skin’s surface.16

direction can be used.10

* The system can be applied for oral, 
integration-ocular, parenteral, and nasal dosing.11	

* Nanoparticles can improve medicine delivery to 
small locations within the body.12	

Fig. 2. Nanoparticles Classification17

by high-energy radiation is used for initiation. The 
process of polymerization begins with the addition 
of a catalyst and continues through the nucleation 
and development phases.52-53

Nanoparticles prepared by the polymer 
precipitation method 63

Emulsion-Solvent Evaporation
	 This technique produces a large number 
of nanoparticles. There are two phases to this 
process. The first step is the emulsification of the 
polymeric solution in the aqueous phase. In the 
second stage, the polymer solution evaporates, 

and nano-spheres are created by causing polymer 
precipitation. The nanoparticles are gathered by 
ultracentrifugation, and any free drugs or leftovers 
are removed before they are washed with distilled 
water and lyophilized for storage.54 High-pressure 
emulsification and solvent evaporation are other 
names for this process.55 To get rid of the organic 
solvents, this procedure has to be homogenized 
under high pressure and stirred all around.56 Size, 
viscosity and the quantity of the dispersion agent 
of the organic phases, and their stirring rate may all 
be controlled.57 This method, however, is restricted 
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Fig. 3. Organic Nanoparticles19

Fig. 4. Inorganic Nanoparticles20

to the use of fat-soluble medications due to growth 
concerns. The polymers used in this approach are 
PLA and Poly (hydroxybutyrate) (PHB) 58, Poly 
(caprolactone) (PCL) 59, [Poly (lactic-co-glycolic 
acid) PLGA 60, cellulose acetate phthalate60, and 
ethyl cellulose62.
Double Emulsion and Evaporation
	 This method’s main flaw is the ineffective 
trapping of hydrophilic medications. As a result, the 
double emulsion method—in which aqueous drug 

solutions are added to organic polymer solutions 
while violently spinning to create emulsions—is 
employed to encapsulate hydrophilic medicines. 
To create a mixed emulsion (w/o/w), this w/o 
emulsion is added to another continuous phase 
and continuously stirred. 63Next, the solvent is 
evaporated, and high-speed centrifugation can 
be used to separate the nanoparticles. Before 
lyophilization, the generated nanoparticles need to 
be cleaned. The amount of hydrophilic medication 
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Table 3. Shows the physiochemical characteristics of nanoparticles

Nanoparticles types	 Properties	 References

Metal-based nanoparticles
Aluminum	 Highly reactive, sensitive, and wide surface area	 26
Iron	 Unstable and unsteady, air (oxygen) and water 	 27
	 are susceptible	
Silver	 Absorbs remains stable, antibacterial, and disinfecting	 28
Gold	 Reactive to visible light, interactive	 29
Cobalt	 An unstable, conductive, poisonous substance 	 30
	 that absorbs
Cadmium	 Semiconductor	 31
Lead	 Strong toxicity, strong reactivity, and high stability	 32
Copper	 Ductile, highly combustible solids with high thermal 	 33
	 and electrical conductivity	
Zinc	 UV filtering, antibacterial, anticorrosive, 	 34
	 and antifungal properties
Carbon-based nanoparticles
Fullerenes	 Semiconductors, conductors, and superconductors 	 35
	 are all considered safe and inert materials.	
Graphene	 Extraordinary strength, thermal conductivity, 	 36
	 and electrical conductivity
Carbon Nano Tubes (CNT)	 Strong electrical and thermal insulation, a high 	 37
	 tensile strength, and a capacity to remain flexible 
	 and elastic	
Carbon Nanofiber	 Thermal, frequency shielding, and mechanical 	 38
	 qualities that are extraordinary
Carbon Black	 Surface area; excellent durability and electrical 	 39
	 conductivity; resistance to sunlight
Metal oxide-based nanoparticles
Titanium oxide	 Magnetic surface area reduces bacterial growth	 40
Iron oxide	 Reactive and volatile	 41
Magnetite	 Highly reactive magnetic	 42
Silicon dioxide	 Durable, less noxious, and capable of 	 43
	 functionalizing a wide range of compounds
Zinc oxide	 UV filtering, antibacterial, anticorrosive, 	 44
	 and antifungal characteristics
Cerium oxide	 Antioxidants with modest potential 	 45
	 for a decrease

incorporated, the amount of polymer, the volume 
of the aqueous phase, and the concentration of the 
stabilizer are the variables used in this technique. 
These elements also affect how nanoparticles are 
characterized.63

Emulsion Diffusion
	 Emulsion diffusion is a common technique 
for producing nanoscale particles. The initial 
thermodynamic equilibrium of both saturated 
solutions is guaranteed when the encapsulating 
polymer is dissolved in an organic solvent that is 
moderately miscible with water, such as propylene 

carbonate or benzyl alcohol. The next step is to 
emulsify the polymer-water-saturated solvent 
phase in an aqueous solution containing a stabilizer. 
This causes the solvent to diffuse to the outer phase 
and, depending on the oil-to-polymer ratio, causes 
the production of nanospheres or nanocapsules. 
In the end, the solvent is removed either by 
evaporation, and the method used depends on the 
boiling point of the solvent. This approach has 
several advantages, including high encapsulation 
efficiency (typically 70 percent), simplicity, 
batch-to-batch repeatability, and a restricted size 



1154 Singh et al., Biosci., Biotech. Res. Asia,  Vol. 20(4), 1147-1165 (2023)

Fig. 5. Carbon-based Nanoparticle25

Fig. 6. Methods of nanoparticle preparation47

distribution. Additionally, this method has a low 
requirement for homogenization. This approach 
has a number of problems, including the need 
to remove a lot of water from the suspension 
and worse encapsulation effectiveness during 
emulsification because water-soluble drug leakage 
occurs in the saturated-aqueous outer phase.67A few 
examples of drug-loaded nanoparticles that may be 

created using this method are doxorubicin-loaded 
PLGA NPs70, cyclosporine (CY-A-); filled sodium 
glycolate NPs68, and mesotetra (hydroxyphenyl) 
porphyrin-loaded PLGA (p-THPP) NPs.69

Salting-out
	 A salting-out approach modifies the 
emulsification/solvent dispersion process by 
combining the medicines and polymer in a solvent. 
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Table 4. Heat and chemical cross-linking method47

Steps	 Heat cross-linking	 Chemical cross-linking

Step 1.	 Aq. solution + oily solution	 Preparation of aq. Solution of polymer
Step 2.	 W/O emulsion	 The ethyl acetate solution in chloroform is 
		  emulsified, and cross-linking is accomplished 
		  with a cross-linking agent (such as 3% glutaraldehyde).
Step 3.	 W/O emulsion is now poured in 	 Stir it for several hours
	 warmed oil (100°C)
Steps 4.	 Aqueous protein degradation and 	 Formulation of Nanospheres
	 aggregation, as well as water 
	 evaporation
Steps 5.	 The formulation of proteinaceous 	 Washed with toluene or water and freeze-dried it.
	 particles
Step 6.	 Centrifugation is used to capture 	
	 oil residues after washing with an 
	 organic solvent.

Table 5. Steps involved in the Emulsion polymerization method and Dispersion polymerization method47

Steps	 Emulsion polymerization	 Dispersion polymerization

Step 1.	 Polymer is added to the drug solution 	 Addition of monomers and stabilizers in a 
	 along with the drug	 solvent from a homogenous solution
Step 2.	 The Addition of a surfactant causes 	 Polymerization is initiated by various mechanisms
	 micelle formulation
Step 3.	 Polymerization will occur after 	 The process of Nucleation occurs
	 initiators are added
Step 4.	 After polymerization, the formulation 
	 of solid particles occurs	

Acetone is frequently used because it can be readily 
removed and is water-soluble. Then, salting-out 
agents and colloidal stabilizers are added, and the 
mixture is emulsified into an aqueous gel. It is 
necessary to dilute the o/w emulsion with enough 
water to allow acetone to enter the continuous 
phase and create nanospheres.71,72

Evaluation of Nanoparticles
Zeta potential
	 “It is usual practice to use a nanoparticle’s 
Zeta potential to ascertain the surface charge 
properties of the particle. The structure of the 
particles themselves as well as the medium in 
which they are dispersed have an impact on this 
depiction of the electrical potential of the particles. 
Nanoparticles must have zeta potentials greater 
than 30 mV in order to maintain stability while in 
suspension because the surface charge prevents 
particle agglomeration.82

Particle Shape
	 The Nano suspension is lyophilized to 
produce solid particles before being evaluated and 
subjected to SEM analysis.83

Particle size
	 The most crucial factors to consider 
while studying nanoparticle systems are particle 
diameters and size distributions. They assess 
the system’s capabilities for targeting, toxicity, 
biological destination, and in vivo dispersion. They 
may also affect the loading, release, and stability 
of nanoparticles, in addition to other things. The 
technique that has been shown to be the most 
effective and dependable for figuring out the 
sizes of individual particles is photon-correlation 
spectroscopy, commonly referred to as dynamic 
light scattering. The data produced from photon-
correlation spectroscopy are often validated using 
scanning or transmission electron microscopy 
(SEM or TEM).84
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Fig. 7. Polymer precipitation method of nanoparticles63,66

(a) Emulsion solvent Evaporation, (b) Double Emulsion Solvent Evaporation, (c) Emulsion diffusion, (d) salting out

Drug Entrapment Efficiency
	 The continuous medium was separated 
from the NPs by ultracentrifuging them at a speed 
of 10,000 rpm for 30 minutes at a temperature of 
50 °C. Then, phosphate-buffered saline, which 
has a pH of 7.4, was added to the mixture after the 
supernatant solution was discarded. To guarantee 
that any drug molecules that had eluded capture 
were destroyed, the technique was repeated twice 
more. By deducting the entire amount of drug 
used to create the NPs from the total amount of 
drug present in the aqueous medium, the amount 
of drug that was trapped in the nanoparticles was 
determined. As a result, the researchers were able to 
calculate how much medication was present inside 
each nanoparticle.85

Drug entrapment efficiency (%) = amount of drug 
released ÷ amount of drug used to manufacture the 
nanoparticles × 100
In-vitro Study

	 A USP Type II dissolving device with a 
50-rpm rotation speed is used for the procedure. The 
preparation has to be maintained at 370.20 °C and 
immersed in 900 ccs of phosphate buffer solution 
in a vessel. A constant volume was maintained by 
taking 5 ml of the medium at regular intervals and 
replacing it in the tank with the same quantity of 
dissolving media. A UV spectrophotometer is used 
to evaluate the removed samples.86

Stability
	 By storing the formulation at 4°C, 1°C, 
and 30°C, 2°C for 90 days, the stability of the 
generated nanoparticles was examined. Following 
some time, such as 0, 1, 2, and 3 months, the 
samples were analyzed again to see whether 
there had been any changes to their physical 
characteristics, drug content, or drug release rate.87

Structure and Crystallinity
	 A number of different approaches might 
be utilized to ascertain the structure as well as 
the crystallinity of a substance. The method that 
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Fig. 8. Applications of nanoparticles in various drug delivery systems

Table 7.  Nanomaterials and nanoparticles clinically approved or proof-of-concept stages of research96

Nanoparticles	 Applications

Metallic NPs:	
Iron oxide	 In Magnetic resonance imaging/cancer therapy
Gold (nanorods, nanoshells, nanocages)	 In Cancer therapy, diagnosis
Gold	 In vitro diagnostics/cancer therapy
Carbon Structures NPs:	
Fullerenes	 In Cancer therapy
Carbon nanotubes	 In Fluorescence and photoacoustic imaging, antioxidant
Ceramic NPs:	
Silica	 In Cancer therapy, diagnosis
Alumina	 In Cancer therapy, diagnosis, computed tomography
Semiconductor Quantum dots	 In Fluorescent contrast, in vitro diagnostics
Organic NPs:	
Protein based nanoparticles	 In Cancer therapy
Polymer nanoparticles	 In Cancer therapy
Polymer drug conjugates	 In Cancer therapy
Polymeric micelles	 In Cancer therapy
Dendrimers	 In Microbicides, cancer therapy
Nanogels	 In Microbicides, cancer therapy
Bicelles	 For Topical delivery
DNA based nanoparticles	 In Cancer therapy
Liposomes	 In Cancer therapy
Hybrid NPs:	
Magnetoliposomes	 In Magnetic resonance imaging/cancer therapy”

Marketed formulations of nanoparticles: some nanoformulations which are available in the market97
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is utilized the most frequently for determining 
crystallinity and structure is known as X-ray 
diffraction. The production of X-rays begins when 
a stream of high-energy electrons collides with a 
target made of metal. This is how X-ray imaging 
gets started. The X-ray source cannot be observed 
due to the presence of a filter. Low-energy rays, on 
the other hand, are able to penetrate a patient and 
settle on a piece of photographic film, in contrast to 
high-energy rays. X-rays are capable of penetrating 
solids, gases, and liquids alike. The strength, rarity, 
and wavelength of the X-ray photons all play a role 
in determining where the point of penetration will 
be.
The yield of Nanoparticles
	 It is possible to calculate the yield of 
particles by comparing the total weight of the 
nanoparticles that were generated to the total 
weight of the drug and the copolymer combined. “
% Yield = (Amount of Nanoparticle ÷Amount of 
Drug + Polymer) × 100"××100
Drug Content
	 The standard calibration curve was 
then constructed using a UV spectrophotometer 
to quantify the amount of medication in the 
supernatant. The total amount required to produce 
the nanoparticles is then reduced by the amount 
of medication present in the supernatant. The % 
of drug entrapment as determined by.”88 

% Drug Entrapment = (total drug conc.- total 
supernatant conc.) /total drug conc. × 100
Applications of Nanoparticles in Novel Drug 
Delivery
In Tumor Targeting: This article explains how 
nanoparticles are used to target tumors.
• “NPs will be provided a concentrated dosage 
of medicine close to tumor targets because of 
increased penetration and retention, or active 
targeting by ligands.
 • Due to their ability to restrict medication 
distribution to the intended organ, nanoparticles 
can reduce drug exposure to healthy tissues.”
	 Standard nanoscale particles are expected 
to cause significant cytotoxicity against Kuepfer 
cells when used as transporters in chemotherapy 
treatment. This will result in a reduction in 
the number of Kuepfer cells and, as a natural 
consequence, a diminished therapeutic impact and 
liver absorption when administered at intervals of 
less than two weeks. The bone marrow is a vital 
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but unwanted action for the majority of anticancer 
drugs since therapy with such carriers may increase 
myelosuppression. Conventional nanoparticles 
have the ability to target the bone marrow, which 
is a key but undesirable site of action. As a 
consequence of this, the only malignancies that can 
benefit from utilizing conventional nanoparticles 
to boost the efficiency of anticancer therapy are 
the ones that occur at the level of organs that 
contain a high concentration of MPS. In addition, if 
nanoparticles are removed rapidly after intravenous 
infusion, it is hard to target anticancer drug-loaded 
nanoparticles to diverse places within a tumor.23

In brain drug delivery
	 The blood-brain barrier, often known 
as the BBB, is the most critical obstacle that 
must be overcome in order to produce new drugs 
for the CNS. Endothelial cells that are largely 
impermeable, have close connections, active efflux 
transport mechanisms, and enzymatic activity make 
up the BBB. It effectively prevents water-soluble 
molecules from entering the central nervous 
system, and it may also lower the concentration of 
lipid-soluble molecules in the brain by inhibiting 
the activity of enzymes or the activity of efflux 
pumps. Therefore, the BBB only allows a certain 
circulation of molecules necessary for neuronal 
activation.89

In food products
	 Amorphous silica NPs are used in pastes 
and powder products (like instant soups) to prevent 
caking. Amorphous silica is typically found in the 
form of the food additive E551. Additionally, it 
can be found in especially sunscreens in cosmetics. 
Sunscreens contain zinc oxide and titanium dioxide 
NPs because they are colorless and reflect and 
scatter Ultra Violet rays more effectively than 
bigger particles. Nanoparticles are undetectable 
due to their small size, which promotes consumer 
acceptance and, consequently, human skin 
protection against Ultra Violet-induced damage. 
As in the past, nanoparticles are still often used to 
enhance the appearance of materials. Automotive 
coatings are an excellent example because they 
have several layers. From laboratory discoveries 
to market products, the process frequently takes a 
very long time.23

In gene delivery
	 In this, Polynucleotide vaccines work 
by transferring relevant antigen-encoding genes 

to host cells. This causes the antigenic protein to 
be created close to expert antigen presentation 
cells and incites an immune response. Such 
vaccines provide both humoral and cell-mediated 
immunity because intracellular protein synthesis 
activates both arms of the immune system 
rather than extracellular protein deposition. 
Polynucleotide vaccines mostly consist of DNA, 
which is inexpensive to produce and has far better 
storage than the majority of protein-based vaccine 
components. NPs containing plasmid DNA may 
also be used as efficient sustained-release agents 
because of their fast transition from the degradative 
endo-lysosomal compartment to the cytoplasmic 
compartment. This technique for delivering genes 
could be exploited. To promote bone repair, PLGA 
NPs containing therapeutic genes, such as bone 
morphogen proteins, may be employed.90, 91

In oral delivery of peptides and proteins
	 In this, Advances in biotechnology 
and biochemistry have promoted the discovery 
of many bioactive substances and peptides and 
proteins vaccines. Since the bioavailability of 
these chemicals is constrained by gastrointestinal 
epithelial barriers and their vulnerability to 
gastrointestinal breakdown by digestive enzymes, 
the discovery of suitable carriers continues to 
be a challenge. Bioactive substances can be 
encapsulated and shielded from enzymatic and 
hydrolytic degradation with the help of polymeric 
nanoparticles. Protein or peptide distribution 
is impeded by a number of physiological and 
anatomical barriers in the gastrointestinal tract. 
For instance, the bacterial gut flora, pepsin, trypsin, 
and chymotrypsin in the gut lumen, proteolytic 
enzymes at the brush border membrane, the mucus 
layer, and the epithelial cell linlineself.83 The 
histological structure of the mucosa is intended to 
efficiently prevent in the gestion of environmental 
particulates. Delivering the medication in a 
colloidal carrier system is one important strategy 
for breaking the gastrointestinal barrier since it 
can increase the drug delivery system’s interaction 
mechanisms with the GI tract’s epithelial cells.92

Multidrug resistance reversal in cancer cells
	 Exosomes are extracellular vesicles (Evs) 
that are secreted by the majority of eukaryotic cells 
and play a role in intercellular communication. 
Exosomes transport proteins, DNA, mRNA, 
microRNA, long noncoding RNA, circular RNA, 
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and other components that play important roles 
in regulating tumour growth, metastasis, and 
angiogenesis during the cancer development 
process, and can be used as a prognostic marker 
and/or grading basis for tumour patients, therapeutic 
targets, or even anticancer drug carriers. Their 
properties allow them to help important cancer 
hallmarks of cancer growth and spread. Cancer-
derived exosomal trafficking has been detected in a 
variety of liquid and solid tumours, indicating their 
importance in cancer treatment.92 Due to cancer 
cells’ capacity to develop resistance mechanisms, 
anticancer drugs may only have a limited amount 
of effect against a range of solid tumor types, even 
when administered in the tumor interstitium.93 
These mechanisms make cancers resistant to 
treatment. MDR, or multi-drug resistance, is the 
most significant problem in chemotherapy. MDR 
is largely brought on by an increase in plasma 
membrane glycoprotein (Pgp) expression, which 
has the ability to expel many positively charged 
xenobiotics from cells, including several anticancer 
medications. By bypassing Pgp-mediated MDR, 
several strategies, such as the use of colloidal 
carriers, have been employed to restore tumoral 
cells’ responsiveness to anticancer medications. It 
is thought that Pgp recognizes a drug to be refluxed 
out of tumoral cells only when it is present in the 
plasma membrane, rather than when it is located 
in the cytoplasm or lysosomes after endocytosis. 
This is the basis for drug association with colloidal 
carriers, such as NPs, to combat drug resistance. 95 

They are found in all bodily fluids and are actively 
created in tumour cells, where they are secreted and 
it is used to promote tumour growth. 

Conclusion 

	 Nanotechnology is making our daily lives 
easier by increasing the performance of everyday 
objects through increased usefulness and efficiency. 
“It promotes environmental purity by providing 
better air and water as well as clean, renewable 
energy for a future that is more long-lasting than 
it would otherwise be. Leading universities, 
industries, and organizations are boosting their 
investment in research and development as a direct 
response to the growing interest in nanotechnology. 
As a result of the extensive research that is being 
done to bring nanotechnology into practice, this 

branch of science is currently at the leading edge. 
It is now being assessed for a variety of novel 
applications in the hopes of boosting the efficiency 
and performance of the product or process in 
question, which would, in turn, lead to a reduction 
in the price, making it more accessible to a wider 
audience. Because of its efficiency and low impact 
on the surrounding environment, nanotechnology 
has an exciting and bright future ahead of it.” 
Currently, nanoparticles are successfully employed 
to deliver medications. One of the most crucial 
instruments in nanomedicine, nanoparticles provide 
substantial advantages in medication targeting and 
delivery as well as the possibility for combination 
diagnostics and therapy. The following strategies 
are challenging to implement on a technical 
level: - Viral-like systems for intracellular 
systems, biomimetic polymer architecture, systems 
interacting with my body smart delivery, control of 
sensitive drugs, nanochips for NPs release, carriers 
for advanced polymers for peptide/protein delivery, 
and control of sensitive drugs are some examples 
of technologies that are currently being researched. 
Drug delivery systems were created in order to either 
distribute drugs or manage the amount and tempo 
at which they were administered. Formulations and 
dispersions including components with dimensions 
as tiny as nanometers are used in the majority 
of substantial and well-established internal 
drug delivery research initiatives. 98 Following a 
study of the previously conducted research, this 
work constructed a nanoparticle data storage. 
This page gives an overview of nanoparticles by 
classifying them, discussing the many methods 
for producing nanoparticles and discussing their 
many applications. According to the findings of 
our research, the prevalence of nanoparticles has 
quickly grown over the past several years. There 
are a large number of chances or possible projects 
that may be undertaken, and the costs of some of 
the manufactured nanoparticles are competitive. 
For instance, the synthesis of nanoparticles from 
plant resources has gained popularity in recent 
years due, among other things, to the fact that it is 
economical and kind to the environment.
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