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ABSTRACT :

Nanoparticles (NPs) are solid particles or dispersions that are typically between $\text{10}$ and
$\text{1000 nm}$. Nanotechnology is a multidisciplinary discipline that has wide applications in almost every area
of human lifel. Because of their small size, higher reactive surface, and ability to pass through biological barriers,
structures below $\text{100 nm}$ are essential drug carriers.3. NPs can be categorized as carbon-based, inorganic,
or organic. The two primary ways of synthesis are bottom-up (assembling atoms using chemical or biological
means) and top-down (reducing bulk material via physical procedures).

Due to its cleanliness, affordability, and safety, Green Synthesis (GS), which makes use of biological sources such
as plant extracts, algae, and microbes, is the recommended technique. The use of plants and their extracts,
phyconanotechnology (algae), and microbial synthesis are important GS techniques. NPs produced from plants are
employed in environmental (water treatment, remediation) and biomedical (drug delivery, wound healing)
applications.

Among the difficulties in GS are inadequate knowledge of the mechanism and Kkinetics, as well as a lack of
standardization and optimization of the synthesis parameters. Functionalizing NPs for wider use is the goal of future
research. Through the use of nanocomposites and nanosensors, nanotechnology also shows potential for intelligent
food packaging.

o KEY WORDS : Green Nanoparticles, Ball mill, Nanotechnology, Graphene nanofoil, In vitro .

INTRODUCTION

The disciplines of physics, chemistry, biology, materials science, health sciences, and engineering are all used in
nanotechnology. It has enormous uses in practically every aspect of human life and science. Particles dispersions or
solid particles with a size between 10 and 1000 nm are referred to as nanoparticles.

Nanoparticles can be defined as particulate dispersions or solid particles with a size in the range of 10-
1000nm.These can be either nanospheres, which are drugs evenly distributed inside a matrix, or nanocapsules,
which are drugs contained within a cavity by a polymer membrane.

Long-circulating particles are biodegradable polymeric nanoparticles, particularly those coated with poly (ethylene
glycol) (PEG).Because these long-circulating particles can target particular organs, prolong circulation, and carry
different therapies like proteins, peptides, and genes, they have potential as drug delivery systems.
The industry for pharmaceutical medication delivery has seen a sharp rise in patents and products as a result of
nanotechnology's ability to deliver drugs at specified times and locations.Lipids or polymers are used as drug
carriers in nanoparticulate drug delivery systems.The particle size distribution of these systems usually ranges from
a few nanometers to a few hundred nanometers.

Biological mimetics, such as functionalized carbon nanotubes, are part of the large field of nanomedicines.Shape
memory polymers, polymeric nanoconstructs as biomaterials, and “"nanomachines” (such as those derived from
DNA segments) are also included in this field.
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Nanomedicines also includes laboratory diagnostics, sensors, nanoporous membranes, and nanoscale
microfabrication devices (such as silicon microchips for drug delivery).Because of their small size, which gives
them special qualities including an increased reactive surface and the capacity to pass through biological barriers,
nanoparticles—structures smaller than 100 nm—are promising drug carriers.

Controlling drug release, surface characteristics, and particle size for site-specific, ideal therapeutic effect are the
main objectives when creating nanoparticle delivery systems.

Although liposomes have advantages such drug protection and targeting, they are constrained by problems
including poor storage stability, fast drug leakage, and low encapsulation efficiency.Because they provide better
drug/protein stability and practical controlled release features, polymeric nanoparticles are frequently chosen over
liposomes.Nanostructures are very advantageous for a range of biomedical applications because of these
characteristics. ™

When given intravenously, phagocytes of the Mononuclear Phagocyte System (MPS) in organs such as the liver and
spleen identify and quickly remove the nanoparticles from circulation.Particle size and surface hydrophobicity
determine clearance, which affects the binding of blood proteins known as opsonins (such as IgG and Complement
C3) in a process known as opsonization.Opsonization must be reduced by surface coating with hydrophilic
polymers (e.g., PEG, Poloxamer) in order to extend circulation and improve drug targeting.

PEG's surface conformation is important; brush-like topologies decrease phagocytosis and resist opsonins, but
mushroom-like configurations may promote clearance. 12!

CLASSIFICATION AND TYPE OF NANOPARTICLES :

Nanoparticles (NPs) are mainly classified into various classes based on their morphology, size, physical & chemical
properties. They are mainly classified into organic, inorganic and carbon based NPs.
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Figure 1. Organic nanoparticles, Inorganic nanoparticles and Carban-Based Nanoparticles

Dendrimer

A. Organic Nanoparticles : Organic nanoparticles are the solid particles composed of organic compounds such as
lipids or polymers with a diameter in the range of 10 nm to 1 pm

B. Inorganic Nanoparticles: Inorganic nanoparticles are the particles that are not made of carbon. It includes metal
and metal oxides

1) Metal Based Nanoparticles : Metals including aluminum (Al), gold (Au), silver (Ag), cadmium (Cd), cobalt
(Co), copper (Cu), iron (Fe), lead (Pb), and zinc (Zn) can be used to create metal-based nanoparticles.

2) Metal Oxides Based Nanoparticles : Metal oxide-based NPs are created by converting metal-based NPs into
their respective oxides. NPs based on metal oxides exhibit remarkable qualities in contrast to their counterparts in
metal.
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Figure 2. Carban Based Nanoparticles -1) Fullerene, 2) Carbon Nanotubes (CNTs), 3) Graphene, 4) Carbon
Nanofibers, 5) Carbon Black

1) Fullerene : is a spherically shaped carbon molecule composed of carbon atoms bound together by sp2
hybridization. The spherical structure of fullerenes, which have diameters of up to 8.2 nm for single layers and 4 to
36 nm for multi-layered fullerenes, is formed by roughly 28 to 1500 carbon atoms.

2) Carbon Nanotubes (CNTSs): Graphene is a carbon allotrope. A two-dimensional planar surface composed of a
hexagonal network of honeycomb lattices composed of carbon atoms is called graphene. Graphene sheets typically
have a thickness of 1 nm.

3) Graphene: A graphene nanofoil containing a honeycomb lattice of carbon atoms is coiled into hollow cylinders
to create nanotubes with lengths ranging from a few micrometers and diameters as small as 0.7 nm for single-
layered CNTs and 100 nm for multi-layered CNTSs.

up to a few millimeters. A half fullerene molecule can either seal the ends or leave them hollow.

4) Carbon Nanofibers: Carbon nanofiber is made from the same graphene nanofoils as carbon nanotubes (CNTSs),
but instead of being twisted into cylindrical tubes, they are shaped like a cone or cup.

5) Carbon Black: Carbon nanofiber is made from the same graphene nanofoils as carbon nanotubes (CNTS), but
instead of being twisted into cylindrical tubes, they are shaped like a cone or cup

METHODS OF SYNTHESIS OF NANOPARTICLES :

The different techniques used to synthesize the nanoparticles can be divided into top-down and bottom-up
approaches. Figure 3 shows a condensed depiction of the procedure !
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1.Top-down Approach:

This approach starts with a bulk material and reduces it to a powder and then to nanopatrticles. It primarily
uses Physical methods, which include:

o Ball milling

e Laser ablation

o Electron beam deposition
e Sputtering

o Aerosol spray pyrolysis

2.Bottom-up Approach :

This approach starts with atoms, which aggregate into clusters and then form nanoparticles. It includes two
categories of methods:

A. Chemical methods

e Co-precipitation

e Thermal decomposition
e Sol-gel

e Microemulsion

e Sonochemical

o Hydrothermal

e Microwave assisted
e Chemical reduction
e Electrochemical

e Solvothermal

¢ Polyol method

B. Biological methods

e Bacteria-based
e Plant-based [
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Figure 4. Methods of Preparation

IJ]NRD2607150 IJNRD - International Journal of Novel Research and Development (www.ijnrd.org) b456



https://ijnrd.org/
http://www.ijnrd.org/

INTERNATIONAL JOURNAL OF NOVEL RESEARCH AND DEVELOPMENT (IJNRD) omam“s
© 2026 IJNRD | Volume 11, Issue 7, July 2026 | ISSN: 2456-4184 | INRD.ORG

ADVANTAGES AND LIMITATIONS :

v Improving oral bioavailability and solubility

v Reducing hepatic first pass metabolism

v" By passing p-glycoprotein efflux pumps

v' Protecting drug from intra-enterocyte metabolism
v' Low variation in oral absorption

v' Preventing undesired plasma peak

v' Modulated and controlled drug release

v" ncreasing AUC and MRT values

v" Shorter onset of action and longer duration time
v Enhancement of pharmacological activity

v" Sustained drug delivery

v' Protection from degradation

v Enhancement of permeability

v' Decreased side effects compared to conventional drug delivery
v Improved therapeutic effect
DISADVANTAGES:
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“GREEN”’ NANOPARTICLE SYNTHESIS METHODS:

Synthesis Techniques and Applications of Green Nanoparticles
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Figure.5. Synthesis of Green Nanoparticles

The biological generation of nanoparticles (NPs) by the use of enzymes, phytochemicals (derived from plants,
algae, fungi, etc.), or other biological sources is known as "green synthesis".
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Important attributes:

Clean, affordable, safe, and good for the environment.uses living things as substrates, such as bacteria, fungus, and
plants.Metal salts are transformed into NPs by phytochemicals.

The following factors affect the size and type of NPs:

The temperature, pH, Time of reaction, Concentration of extract, Size of particles, Utilizing a solvent, Charge on the
surface (kind and intensity).

1.Microbial Synthesis (Bacteria, Fungi, Viruses, etc.): It include bioremediation and bioleaching. It makes use of
a variety of microorganisms and is preferred for its scalability.

2.Nanoparticles from Algal Sources (Phyconanotechnology): use microalgae and macroalgae, which are simple
to handle, non-toxic, grow quickly, and need no specific extra chemicals or nutrients. A color shift, such as from
green to purple for Au NPs, is frequently a sign of production.

3. Virus-Derived Nanoparticles (Viral NPs): Because plant viruses can self-assemble around NPs, act as size-
limiting vessels (e.g., Cowpea chlorotic mottle virus limits size to $\approx 28 \text{ nm}$), and be used for
applications like targeted drug delivery (e.g., encapsulating cytotoxic drugs), they are preferred for use in virus-
derived nanoparticles (viral NPs) in order to reduce human risk.

4. Plants and their Extracts: Using phytochemicals found in plant extracts as stabilizing and reducing agents (such
as amino groups) to create metal and metal oxide nanoparticles in three stages (activation, growth, and completion),
this is the most straightforward green production approach.

5. In vitro Synthesis : In vitro Synthesis: Although still in its infancy, this new technique uses calli extracts (such
as those from Citrullus colocynthis or Vigna radiata calli cultivated on MS medium) to create NPs. It has the
potential to be quick and effective.

CHALLENGES IN GREEN NANO-SYNTHESIS :

(i) Use of benign, sustainably sourced chemicals (Anastas and Warner, 2000).

(ii))Mild reaction conditions (i.e., temperatures and pressures close to ambient) (Anastas and Warner, 2000).
(iii) High reaction yields with short reaction times (Hutchison, 2008).

(iv) Tight control of NP size and morphology.

(V) The capacity to reproducibly produce monodisperse, stable nanoparticle suspensions.

(vi) The amenability of the synthesized NPs for desired surface functionalization and bio-based applications. 5]

APPLICATIONS :

1. Antimicrobial Activity of Nanoparticles Against Various Pathogens

2. Synergistic Effect of Nanoparticles with Conventional Antibiotics

3. Nanoparticles from plant extracts are used in the biomedical field for: Drug delivery, Wound healing,
Biosensing, Imaging.

4. Adsorption, coagulation, flocculation, precipitation, oxidation, or degradation are effective methods for
removing contaminants from water, including heavy metals, dyes, pesticides, and pathogens.

5. For instance, gold nanoparticles (aloe vera) coagulate turbidity, while silver nanoparticles (neem) absorb lead
ions.

6. Enhance activity, selectivity, stability, and reusability in processes (such as hydrogenation, oxidation, and
reduction) by acting as catalysts or supports.

7. For instance, nitrobenzene is hydrogenated by silver nanoparticles (neem), while benzyl alcohol is oxidized by
gold nanoparticles (aloe vera).
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8. Remediation: Eliminate organics, radionuclides, heavy metals, and pathogens from contaminated soil, air, and
sediments.

9. Examples include gold nanoparticles (aloe vera) oxidizing carbon monoxide in the air and silver nanoparticles
(neem) remediating cadmium soil.

Application of nanotechnologyin food sector :

Food processing and preservation
Structural modification of foods
Nanoencapsulated food additives
Nanostructured functional compounds
Nanopreservatives

Toxin detection

Antimicrobial nanoparticles
Food packaging

. Nanocoatings

10 Nanosensors

11. Nanocomposites

12. Active packaging solutions

13. Edible coating nanomaterials

© o N gk~ wDdE

FUTURE PERSPECTIVES OF NANOTECHNOLOGY AND GREEN SYNTHESIS OF
NANOPARTICLES:

1. Standardization and Optimization (Difficulty): The absence of standardized protocols is a significant problem.
The quality, quantity, functionality, reproducibility, and stability of the nanoparticles depend on the optimization of
the synthesis parameters employing techniques such as Response Surface Methodology.

2. Mechanism and Kinetics (Difficulty): The synthesis mechanism and kinetics are not well understood. To manage
the size, shape, and characteristics of the nanoparticles, more investigation is required to clarify the involvement of
phytochemicals, nucleation and growth, and capping/stabilization processes utilizing analytical techniques (e.g.,
UV-Vis, XRD, TEM).

3. Functionalization and Application: NP qualities must be improved and their functionality verified. For broader
use in industries like biomedicine and the environment, concentrate on functionalizing them (by coating, doping,
and encapsulating, for example). (6]

Intelligent Packaging with Nanomaterials

For smart packaging, nanocomposite polymeric films are being created.

Because they are biodegradable and carbon-neutral, nanocomposites will be used in food packaging in the future.
Commercialization of nanosilica as a surface coating to enhance barrier qualities is possible.

Identifying Pathogens and Spoilage

. Food pathogens (bacteria, viruses, and mycotoxins) and spoilage organisms can be detected more quickly,
accurately, and with less effort thanks to antigen-specific biomarkers and nanosensors.

10. Food loss across the supply chain can be decreased by using nanosensors in film packaging to identify gases
produced during spoiling.

11. Sensors for identifying microbes, poisons, and spoiling are incorporated into packaging using carbon nanotubes
(CNTs).

12. Research on Nanomaterials

13. The interactions of food ingredients during nanoencapsulation and nanofibers in food packaging require further
investigation.

© o N gk

SUMMARY AND DISCUSSION:

Advanced drug delivery systems now rely heavily on nanotechnology, which uses nanoparticles (NPs) between 10
and 1000 nm in size to greatly improve therapeutic results. Notably, because of their extremely small size, highly
reactive surface area, and special ability to get past intricate biological barriers, structures smaller than 100 nm have
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enormous potential as drug carriers. Nanoparticulate platforms usually provide better therapeutic efficacy while
reducing systemic side effects when compared to traditional drug delivery systems.

Green Synthesis (GS) has emerged as the preferred way over conventional physical and chemical techniques among
the many production methodologies. GS is a naturally affordable, secure, sanitary, and environmentally sustainable
substitute that makes use of biological materials, such as microbes, algae, and plant extracts. This environmentally
benign process reduces and stabilizes metal salts into useful nanoparticles using natural biomolecules rather than
hazardous solvents.

CONCLUSION

Advanced drug delivery relies on nanotechnology, which uses nanoparticles (NPs) (sized 10 t01000 nm). NPs can
be classified as Organic, Inorganic, or Carbon-based. Synthesis involves Top-down (bulk reduction) and Bottom-up
(atomic assembly) approaches. Green Synthesis (GS), which uses biological sources like plant extracts and
microbes, is an environmentally friendly method with applications in biomedicine (drug delivery, imaging) and
environmental remediation (water treatment, catalysis), and its main challenges include a lack of standardization
and optimization and a lack of knowledge about the mechanism and kinetics . Future work must concentrate on
functionalization and expanding applications in fields like smart food packaging.
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